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AUTHOR'S LETTER 


The outstanding purpose of the author in getting out this book 
to resent the basic principles of Modern “House Heating, 
Ventilation and Air Conditioning’’ in such a simple and 
interesting way that the reader may apply them with easily 
acquired knowledge and skill. 


Moreover, Construction, Installation and Servicing are 
treated at great length; that is, this book is virtually three 
books in one, as indicated by the title. 


To appreciate the vast field covered, the author suggests 
that the reader look over the list of chapters. 

The author desires to express his thanks and appreciation: 


To the various manufacturers for their co-operation in furnishing com- 
plete information covering their equipment. 


To the Publishers for their usual helpful suggestions. 

To Evelyn K. Lawson for very efficient secretarial work, 


and 


To ^uise K. Graham (author’s wife) for making not only helpful 
suggestions, but for giving very constructive criticisms as well. 


expected, the author’s master artist draughtsman George 
^ Performance of his past achievements in 

Zw"- ^ transfiguration of the author’s graphic thoughts 

t£ She texr""'“** •“PO'-tant in the clarification and accentua- 

presentation, this “hook-up” of master graphics 
and Mies lettres, from the aesthetical point of view leads to the ultimate 
conviction that the one inspired the other. 


FRANK D. GRAHAM. 
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Automatic Control —continued 
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Charts—con tinued 


Coal — continued 



dryer calculations . 

792 

coal selection . 


629 

effective temperatures. 

801 

bit\uninous. 


621 

example. 

796 

oil treatment. 


629 

humidity. 

793 

changing coal feeds . 


62| 

psychroznetric .789, 794, 

795 

cleanliness. 


62| 

horizontal distances. 

789 

clinkers, removal. 


629 

how to use.790-792 

Consolidated domestic stoker... 


629 

inclined (solid) lines. 

790 

construction.. 

613, 

614 

vertical distances. 

790 

continuous drive . 


617 

temperatures, various Cities. 

797 

drive. 


619 

Check valve on wet return . 

112 

electrical controls . 


629 

Check valves.204-206 

hold fire . 


629 

Chimney, how to clean. 

591 

limit control. 


629 

Circuit two pipe hot water system. . 

169 

thermostat. 


629 

Classification, of hot air furnaces.... 

57 

electric motor. 


616 

of steam. 

42 

fan. . 


616 

Cleaning pipe lines . 267-269 

feed adjustment. 


629 

Clean threads . 

220 

feed worm . 


616 

Clinkers, removal. 

629 

operation. 


616 

Coal, best firing method. 

605 

troubles, fire out. 


632 

bituminous. 

686 

intermittent drive. 


617 

buckwheat. 

605 

link belt stoker . 


611 

burning boilers. 

465 

lubrication . 


624 

caking . 

607 

manual air adjustment . 


621 

precaution. 

607 

motor overload protection . 


624 

egg, how fired. 

603 

natural stack draugnt . 


621 

fire pots, sizes. 

610 

oiling, motor . 


631 

gas . 

634 

transmission . 


631 

retorts. 

634 

operation, and care . 

.619-621 

hard, selection. 

603 

ash. 


611 

pea, precaution. 

603 

clinkers. 


61$ 

selection for stokers. 

620 

deep fuel bed. 


611 

semi-bituminous. 

606 

general information. 


61$ 

stove, application. 

603 

two basic functions.. 


61$ 

COAL: HAND FIRING . 601 

-610 

removal of obstruction. 


624 

alternate or checker firing. 

608 

retort. 


616 

bituminous . 

606 

starting the fire . 


621 

precaution. 

607 

*'Stok~A~Fire’* stoker; operating 


buckwheat coal. 

605 

instructions. 


62$ 

burned out grate bars. 

602 

stokers, adjusting coal feed. . .. 


621 

eaking coal. 

607 

coal feed chart. 

626, 

627 

size to use. 

609 

examples. 


627 

egg, how fired. 

603 

starting the fire. 


62$ 

hard, proper size. 

603 

two kinds. 


617 

pea, precaution. 

603 

summer service. 


62f 

selection. 

603 

things to do. 


63t 

various sizes. 

603 

transmission . 


61f 

coke . 

608 

overload protection. 


62^ 

dampers, automatic. 

604 

troubles and remedies . 

625-63^ 

draughty insufficient. 

601 

abnormal noises. 


63" 

requirements. 

601 

excessive coal in fire-box. 


62t 

fire pots size. 

610 

motor fails to start . 

625 

, 637 

semi-bituminous. 

606 

overloading. 


62e 

* usual condition of ash pit. 

602 

smoke in hopper. 


637 

various coals. 

601 

stoker operates continuously. 


62f 

COAL: STOKER FIRING.611 

-632 

stoker won’t run. 


6X? 

air supply, adjustment. 

630 

unburned coal. 


637 

control. 

616 

tuyeres. 


61 f 

automatic air control. 

621 

underfeed stokers. 


617 































































































































Coal —continued 

worm feed . 613 

regulation. 613 

Coke. 608 

bxirning requirements. 465 

sue to use. 609 

COMBINED ATMOSPHERIC 
PRESSURE AND VACUUM 

SYSTEMS.133-138 

boiling point. 137 

combined system. 138 

compound gauge. 136 

description.134, 135 

desired vacuum, how obtained. 133 

operation.134, 135 

Comfort chart. 798 

Compression, adiabatic. 772 

cycle. 867 

system, refrigeration. 855 

Condensation. 50 

Condensers.872, 880 

air cooled. 872 

evapora tive. 873 

coils. 880 

main feature. 879 

two stage. 878 

water cooled. 872 

Condensing units.948-951 

Conduction heaters. 654 

Conductivity. 15 

Consolidated gas burners. 672 

Convection heaters. 656 

Convector, connections.343, 344 

element. 242 

Convectors.240-242 

CONVERSION JOBS.455-464 

baffling.462, 463 

cast iron boilers . 455 

baffling necessary. 455 

large flue passages, not suited.... 455 

preliminary to conversion. 455 

refractory material. 457 

troubles. 456 

combustion, areas. 459 

chamber, construction. 461 

details. 461 

important requirement. 456 

procedure in setting up. 458 

proportions. 460 

round cast iron boiler. 458 

corbel. 463 

unsatisfactory boilers. 464 

COOLING WITH STEAM.881-894 

application. 883 

boiling point law. 881 

booster ejector. 886 

chilled water storage. 894 

condensers. 888 

cooling systems . 889 

closed. 889 | 


Cooling with steam — continued 


open . 890 

evaporator .. . .883, 888 

pressure maintained . 883 

flow diagram . $82 

high vacuum . 884 

multiple condenser control . 892 

principle . 881 

Ross decalorator . 882, 884, 886 

secondary ejectors . 887 

steam table . 885 

table . 893 

temp>erature control . 891 

Copper water tubes, sizes, weights... 294 
Crow, pipe drilling . 217 


D 


Dampers, automatic .. 604 

Decimal equivalents . 189 

Definitions, service . 901 

De-humidifIcation . 785 

De-humidifiers . 844-846 

De-humidifying methods . 809 , 810 

Delco oil burner electrical system. . 447 

Depression, wet bulb . 787 , 787 

Diaphragm valve refrigeration . 866 

Differential controller . 359 

Directional flow fitting . 178 

Distribution tees . 171 , 172 

Dole vacuum valves on one pipe 

system . 256 

Double, quick vents . 254 

seal flared union . 296 

venting . 251 

Draining coils . 954 

Draught requirements . 601 

Dry and wet bulb temperatures _ 783 

Dryer calculations, chart . 792 

Drying effect of air . 751 

Dry return . 101 

Duct, design . 735 

system resistance . 734 

velocities . 736 

Dynamic inertia . 22 , 23 
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Early Roman bath. 375 

Edge feed joint, how made. 305 

Egg coal, how fired. 603 

Ejector heating system. 151 

Elbow angles, standard. 197 

Elbow constants. 232 

Elbows. 194 

Electric heater, internal circuits. 651 

Electrical controls; stokers. 620 
















































































































ELECTRIC heating.661-666 

conduction heaters, app. 664 

convection heaters. 666 

heating elements. 663 

heat transmission. 663 

induction heating. 666 

internal circuits (three). 651 

oxidation, how avoided. 652 

radiant heaters. 655 

resistance type boilers. 652 

resistors. 

units.477-480 

Electrode boiler. 654 

Elementary diagram thermostat.. 450 

Eliminators.833, 835 

End connections, piping. 259 

Energy. 20 

Esso and Gllbarco oil burner.434A-434D 
Evaporative condenser, trouble chart 876 
Eva porative cool I n g. 786 

Evaporator refrigeration. 866 

EXHAUST STEAM HEATING. .155-162 

back pressure valve. 162 

diagram. 1^® 

essential features. '8® 

operation. 1®^ 

pressure regulator valve . 158 

hunting. 1®^ 

Expansion, of pipe.190> 182 

tank.1^4, 175 

valve.8®®. ®®7 

External latent heat, domestic 

effect of. 47 


Factors of evaporation. 

FALL CLEANING ... 591 

boiler, internal cleaning. 

operation. 

cleaning, boiler. 

stack, dirty job. 

the chimney. 

Dole water mixer. 

flushing . 

precaution. 

houses disgustingly hot. 

numerous annoyances. 

piping... 

provision for blowing out mains. 

smoke pipe.. 

soda solution, pouring into boiler . . . 

vacuum systems. 

valves. 

Fan. 


55 

•600 

593 
599 
592 

595 
591 
599 

599 

600 
591 
591 

596 

597 

594 

598 
600 
596 
615 


fan selection and duct 

DESIGN. 

air. how treated. 751 


Fan selection— continued 

intake, location. 766 

req uiremen ts . 761 

table. 753 

volume control. 759 

definitions. 749 

dining room and kitchen. 750 

duct, equiv. length. 760 

shape. 757 

velocities. 757 

example.751, 760 

fittings, resistance equiv. 760 

friction of air in ducts. 754 

industrial, jobs. 759 

kitchen. 758 

main duct. 759 

rectangular equiv. of round ducts.... 755 

selection of fan.759-762 

Feed worm; stoker. 618 

Fireplaces. 80 

Fire pots, sizes. 610 

Fill and vent pipes. 579 

Fillet weld, dimensions. 806 

Filter pack. 830 

FILTERS AND WASHERS.819-838 

air cleaning. 819 

air washers . 820 

two and three unit. 832 

alleged “atomization”. 836 

“atomizer” (misnomer). 835 

Buffalo, eliminators. 835 

filter pack. 830 

intake compartment. 833 

spray nozzle.829, 837 

classification. 819 

dirt accumulation. 820 

disadvantage. 821 

eliminators .833, 835 

cleansing principle. 836 

flooding. 836 

operation. 836 

filtering materials. 820 

filters . ®21 

automatic. 824 

cleaning. 822 

installation. 821 

throw away. 824 

viscous type. 822 

where placed. 822 

nozzles. 

two unit air washer. 834 

types.... 

viscous filters. 820 

Waterman-Waterbury filter. 823 

Flange joint, how to make.274-276 

Flared fittings, joint, how made. .300-303 

various.295-299 

Floor panels, how to lay. 386 

radiant heating. 385 

Flow fitting, Trane induction. 369 





















































































































Flow valve» Trane. 369 

Footpound. 18 

Forced draught. 606 

Formation of steam. 43 

Foul air ducts. 731 

Freezing point. 9 

“From and at 212 deg. Fahr.”. 49 

Fuels, various. 465 

G 

GAS BURNERS.639-650 

Bunsen burner. 639 

combustion, nature of. 647 

def.. 639 

excess secondary air. 643 

gas fired boiler. Hydrotherm_647, 648 

gas flow, vckx:ity. 646 

McKee atmospheric. 649 

natural gas, adj. for. 645 

non-luminous flame. 644 

operating instructions . 670 

large gas valve. 671 

pilot valve. 670 

shutting down. 670 

starting. 670 

primary, air regulating. 644 

and secondary air. 641 

yellow flame. 644 

Gas burning boilers.472-476 

Gases, classification. 633 

natural. 633 

Gate valve, points relating to. 202 

Gauge and absolute pressure. 31 

Globe valves. 199 

Graham, separator, collector and dryer 74 

spiro-centrifugal loop. 122 

spiro-centrifugal stabilizer loop. .278, 279 

vertical tubular steel boiler. 74 

Grate bars, burned out, owner’s 

neglect. 602 

Gravity radiator convector. 241 

H 

Halide torch.908, 909 

Hand control air valves. 310 

Hard coal selection. 603 

Hard tubes. 293 

Hartford connection.122, 278, 279 

Heat.5-27 

and work. 17 

effect humidity. 751 

in attic.741, 742 

lost . 481 

by convection. 481 

by radiation. 481 

of compression.768, 771 

transmission. 653 


HEATING CALCULATIONS 481-490 

allowances. 483 

basic units. 482 

B.t.u. basis. 482 

convection. 481 

cardboardpre-fabricated, alleged 

houses. 482 

no good. 482 

figuring, calculation of B.t.u . 484 

example. 484 

radiation. 482 

radiation, simplified method... 484-486 

radiator tables. 485 

heat loss. 481 

radiant heating calculations. .487-490 

example. 490 

panel heat loss. 487 

table. 488 

selecting proper radiation. 486 

^nit .1, 482 

240 B.t.u . 483 

.02. 482 

Heating elements. 653 

HEATING SYSTEMS.79-82 

classification.79, 80 

fireplaces. 80 

stoves, characteristics of. 80 

objections to. 82 

various. 81 

Heating units, electric.477-480 

High pressure sprayer burner, 

construction. 425 

elements. 418 

oil regulating valves. .421-425 

operation. .419-429 

Horse power.25, 26 

HOT AIR FURNACES.57-64 

Boynton pattern. 62 

capacities. 59 

classification. 57 

efficiencies. 64 

grate area. 63 

heating surface. 63 

multi-sectional type. 59 

rating . 60 

calculations. 61 

size. 588 

steel . 60 

capacity range. 60 

characteristics. 60 

HOT AIR HEATING SYSTEMS. 83-92 

air supply to furnace . 87 

combined re-circulating and non¬ 
recirculating . 88 

external. 88 

non-circulation. 88 

“pipeless” recirculation. 91 

re-circulating. 87 

wrong method. 90 















































































































Hot Air Heating Systems—con fin ue</ 


classification. 


83 


fireplace with heating chambers. 92 

induced draught. ^ 

motive force . 

example. 

stoves..... 

thermal or gravity system. oo 

the term '‘warm air” ^ 

Hot air. oil burner installation ills..584-586 

587 

pipes. 

Hot water heating advantages. 16J 

HOT WATER HEATING 

SYSTEMS.163-180 

absolute pressure. 31 

air vents.... . 

circuit two pipe system. 

classification._ 

distribution tees.'^17! 

expansion tank . 

open and closed.. 

forced circulation .' '6-180 

“boosters”. 180 

directional flow fitting. 178 

injector, principle of. 176 

methods. 

Venturi fitting. 

overhead system. 17 

so called one pipe system.. 168 

thermal circulation . 

motive force (natural circulation). 165 

the word “thermal”. 165 

fwo pipe, operation. 168 

system with expansion tank. 16r 

watert expansion of . .|C3 

water, as medium. 183 

example. 

Hot water mains, sizes. 


166 

589 


HOUSE HEATING BOILERS 65-78 

cast iron . 

author ’s opinion of. 

construction of vertical type. 71 

fins, pins, ribs, etc. 74 

inadequate heating surface. 67 

integral surface projections. 74 

“pan cakes”. ^ 

tests of. 2 

vertical, classes of. 

why tenants get no hot water . . . _ 74 

classification.88, 66 

Graham, baffle. ‘ 

combined separator, collector and 

dryer. It 

Koven fast steaming boiler. ^6 

manufacturers rating. 75 

short circuiting. 

vertical boiler. 

welded steel. 


HOUSE INSULATION.391-416 

blowing exterior walls. 414 

house construction. 392 

Houses already built .403-416 

blowing balloon frame. 415 

blowing insulation. 404 

blowing openings. 406 

blowing through brick veneer. 406 

blowing through clapboard siding 404 

blowing through stucco walls. 407 

blowing through wood siding 

shingles. 405 

blowing unfloored attic. 408 

caution of balloon framing. 414 

frame alleged houses. 403 

removing brick veneer. 412 

clapboards. 409 

novelty siding.. 410 

tongue and groove siding. 410 

wood siding shingles. 411 

rock wool. 404 

soundings. 407 

tests. ^8^ 

tools required. 414 

Houses under construction .. .393-402 

batts.393. 394 

between attic floor beams. 398 

between ceiling joists. 397 

between floor joists. .. 398 

between roof rafters. 397 

between studs. 396 

blankets.393, 394 

building board construction. 402 

Celotex sheathing. 400 

fastening. 399 

installation. 395 

over insulating board. 397 

Transite insulated roof. 101 

weathertite sheathing. 402 

most practical method. 392 

reason for. 391 

rock wool, two types. 393 

HUMIDIFIERS AND 

DE-HUMIDIFIERS . ..839-852 

adsorben t de-h umidifier .848, 849 

rotary bed. 848 

stationary bed. 849 

adsorbers, two kinds. 851 

de-humidifiers .844-846 

adsorption method. 844 

air washer. 844 

cooling method. 844 

definition. 844 

methods. 844 


elementary. 


839 


heat, how supplied. 842 

Kooler-aire coil unit. 847 

latent heat removal. 845 

liquid de-humidifier. 850 




























































































































Humidifiers and DeHumidifiers — cont. 


mixture, how proportioned. 847 

pan type . 841 

single Young. 842 

pumps, water supply. 846 

sensible heat removal. 845 

Serve/, heating coil. 844 

flow diagram. 843 

generator. 846 

schematic flow diagram. 843 

sorbents . 848 

principle. 849 

spray type, con. 840 

water supply. 817 

Westinghouse central type 

conditioner. 861 

Humidification. 785 

Humidifying methods. 808 

HUMIDITY.777-782 

absolute humidity. 778 

air, physical properties. 780 

saturated. 777 

chart. 793 

cold and warm air. 778 

Dalton’s law. 780 

drying effect of air. 751 

heat effect. 781 

hygroscopic materials. 782 

liquid to vapor. 778 

moisture, in air. 777 

effect. 780 

ph3rsical properties of air: . 780 

relative . 779 

example. 779 

saturated air. 777 

textile mill. 781 

water vapor, def.. 780 

Hygroscopic material. 775 

I 

l-B-R CODE.491-510 

expansion tank. 509 

how to figure radiation .492-505 

air changes. 499 

B.t.u. method.493, 494 

divisor method.495-500 

example. 499 

for other temperatures. 500 

tables.496, 498, 501-506 

locating radiators. 510 

one pipe gravity system.506 

two pipe gravity warm water system 508 

Induced draught.; . 690 

Induction heating. 666 

I njector operation. 176 

INSTALLATI ON. 577-586 

anti-hum valve. 579 


Installation—con ^inuec/j 

double swing joint. 579 

fill and vent pipes. 579 

Oi 7 burner, installation . 582 

draught tube. 582 

hot air furnace. 584-586 

levelling. 583 

points on piping . 269 

radiant heat .^ . . . 373 

smoke pipe, general data . 581 

tank connection . 579 

typical installation, ills . 580 

unions, kind used . . 579 

unpacking oil burner . . 581 

Insulated house, Model . 399 


J 


Janitroi, automatic pilot . 644 

burner head. 642 

JCU-64. 640 

locking screw. , 643 

pressure regulator. . 645 

wiring diagram. . 646 


K 


Kinetic energy. 21 

Kooler-aire coil unit.847 

Koven water film boiler. 76 


L 


Laboratory exhaust. 739 

Latent heat. 773 

Lift fitting. 343 

Liquid de-humidifier. . . 851 

Location of fans . 746 


Low pressure steam heating systems 96 

M 


Main duct . . 759 

Mains, and branches. 590 

blowing out. . 597 

cleaning . 596 

size of. 587 

“Making up” line .' 219 

Manufactured gas . 634 

Marsh, float type . 317 

graduated radiator valves . 310 

quick vent air valve . 316 

traps . 257 

“tri-trol” system . 367, 368 

Master thermostatic valve . 145 

Matter . 1 











































































































MEASUREMENTS: OFFSETS 223-234 

alktwance for threads. 225 

center line sketch. 228 

def.. 228 

dimensions standard fittings. Z24 


elbow constants. 


232 


length of thread, table. 

measiirements. 

methods, examples 

finding offset pipe length. .. 229 

natural trigonometrical functions . . 233 

pipe fitting: . 223 

by eye 223 

by measurements.. 

drawing. 227 

methods. 

pipe length. 

Mechanical, equivalent of heat. 19 

furnace.. - • ^ 

vacuum systems. 

mechanical ventilation 729-740 

air required, table. ^23 

air supply system. 739 

Autovent blowers, table. 747 

duct system, equal friction. 735 

resistance. ^2 

duct velocities, table. 736 

foul air ducts. 73 

hood, location. 738 

overhead. 738 

velocity. 

kitchens. 

laboratory hood exhaust 

lavatory exhaust. 740 

projection room. 739 

selection of blowers. 731 

volume of air required. 732 

Mercury seal, operation 

Moisture In air.777, 780 

Momentum. 20 

Motor, circuit No. 1. 

stoker, oiling. ®21 


N 


natural and manufactured 
gases 633- 

manufactured gas 

according to Forstall. 

by-product coke ovens. 

coal gas. 

down draught system.. • 

operation.637, 

producer gas. 

retorts. 

Natural gas, classification. 

distribution. 

heating value. 


Natural Gas— cont. 

nature of. ®23 

Natural vacuum systems.741-150 

NATURAL VENTILATION 683-728 

chimney effect. 

roof ventilators .692-712 

angle rings. 711 

base chain clips. 712 

dampers.712-714 

fresh air requirement. 707 

performance. ®22 

stationary head. 693 

stiffener angles. 711 

types. ®23 

wind and thermal effect combined. . 691 
Nipple holder. 214 

non-ferrous pipes, tubing 

AND FITTINGS.293-306 

advantages. 293 

brass, copper pipe and tubing 295 

copper water tubes, sizes, weights 294 

edge feed fitting making joint. 305 

fillet weld dimensions 306 

fittings, double seal, union. 296 

how classed.295, 297, 299 

oil burner. 299 

various.297, 298 

flared joint, how made.299-301 

hard tubes, application. 293 

soft tubes, application. 293 

solder fittings, principle of.302, 305 

various edge and hole fittings. 303 

Nozzle type rotary oil burner. 43'i 

Numerous annoyances. *>91 

disgustingly hot. 691 

screens. 

storm sash. 691 


Objectionable venting 250 

..Isoial 

examples. 

OIL BURNERS.417-434D 

adjusting, air. 6®® 

oil .. 66® 

air system . 


638 

638 

634 

634 

634 
636 
638 

635 
634 
633 
633 
633 


426 

428 


operation. 

alleged atomizer. ^' 7 

atomizer, so called. ^^7 

Branford pump. ^29 

checking draughts. 668 

combined cut off and relief valves 423, 424 

cup type. ^22 

Delco pump unit. 

draught tube. *^26 

Esso and Gilbarco .434A-434D 

divided shaft, clutch.4348 

electrical data.434D 























































































































oil Burner»-^n^mue</ 

ratings . 434 Q 

tVDC ECT 

Pipe cutters . 209 

Pipe cutting . 207 


Pipe drilling crow . 217 

and fle^ble coupling . 43 O 

flexible coupling . 428 

Pipe fittings . 19^197 

points on . 261 

gear feed pump . 427 

“Pipeless** furnace. qi 

high pressme burner construction 425-430 

ignition transformer . 425 

installation . 532 

. .ssisso 

not air furnace, size.... ^ < 538 

examples. 538 , 539 

fining . 533 

hot air pipes . *587 

levelling. 532 

example. 537 

requirements. 833 

low pressure oil burners. 430-434 

nozzle type . 43 ^ 

mains and branches, table. 590 

miscellaneous rules . 537 

Pipe stock and dies. 212 

operating instructions . 670 

Pipe vise, use of . oct 

operation . 43 ^ 

PIPES . 181 

service helps . 669 

sprayers . 4^7 

capacities of standard pipe, table. , . 191 
decimal equivalents, table 197 

burner elements of . 4-18 

how it works . 4 <f 9 

double extra strong.... •j 89 

expansion of. table . 4 

oil feed control . 470-422 

extra strong, table . io<; 

starting cycle . 420 

kinds of . .J3.J 

starting . ' 667 

l&p welded boiler tubes loo 

term “oil burner” misnomer . 41 7 

troubles . 671 

rated sizes.. . 182, 183 

standard pipe threads 184 

turbulators . 428 

table . .j gg 

two basic types . 43 O 

threads, shape of . 1 ot 

Oil burning boilers . 469-472 

One pipe heating systems. II 3 

Operation and care of stokers. 6 I 9 

three weights of pipe . 182 183 

wrought iron, how distinguished. . 181 

Piping . ggg 

coal supply . 619 

deep fuel bed . 619 

removing clinkers .... 619 

PIPING DETAILS 277-292 

connections to heating units 291 

dirt pockets. . . . 

Operating routine of fans. . 747 

drips. .235 

Operation of boilers. 665 

. 000 

cleaning fire. 000 

clinkers. 007 

drunken threads... 284 

eccentric fittings.... 283 

Graham spiro centrifugal stabilizer 
looo 

deep fire . 005 

overshaking. 000 

rlartford connection . .. 278 279 

lift fittings * 29 '] 

poor coal . 007 

Orifice distribution to radiator. 329, 330 
Oxidation, how avoided. 652 

making up “coils” . 283 284 

radiator connections, two pipe 
systems . 393 

P 

Packed radiator valves. . . 307 

riser to mains, connecting. . . 280 

right and wrong wav . . . 280 

siphon on dry return .. . 278 

..285-290 

bucket . 000 

Packless radiator valves. .. 309 

Panel heating.379-382 

classification . 287 

float . - oo^ 

Pan type humidifier . 641 

impulse . oon 

Pea coal, precaution . 603 

inverted .... ogg 

Petro rotary cup oil burner . 433 

Phllco air conditioner. . 219 

thermostatic. 289 

tilting. 

Pipe cement, how to apply. 220 

PIPE COVERING . 681, 682 

magnesia blocks . 682 

pre-shrunk asbestos. .. . 681 

method of applving . 681 

various . 288 

water hammer . 281 28*^ 

water ^ leaving boiler. ... ’ £77 

pockets. ' 281 

wet return, advantage 277 
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POINTS ON PIPING 269-276 

cle&ninc pipe lines . 267 

crosses., use of . 273 

end connections . 259 

common types . 260 

fittings . 261 

flange joint, how to make.274-276 

galvanized fittings . 271 

installation . 269 

nipples . 262, 263 

pipe vise . 267 

placement of valves . 270 

rising stem valves, precaution . 273 

special fittings to be avoided . 261 

valve, handling of . 268 

valves on high line . 272 

wrenches . 262 

nx>nkey . 265 

Stillson . 264 

strap . . 265 

Potential energy. 21 

Power . 24 

Pressure regulating valve. 158 

hunting . 161 

Primary control, circuits . 442 

sequence of operation . 443 

Prod ucer gas . 635-638 

Projection room ventilation . 739 

Properties of, air. 780 

pipe, double extra strong . 187 

extra strong pipe . 186 

lap welded boiler tubes . 188 

standard pipe. 185 

Psychrometric chart.794, 795 

Pumping down . 905 

Puroiator oil filter. 941 


Q 

Quick vent.248, 253 

R 


Radiant, flame control. 

heaters. 655 

RADIANT HEATING 373-390 

average body heat loss. 376 

calculations.487-490 

ceiling panels. 384 

definition. 373 

early Roman bath. 375 

example . 389 

flow panels .385, 386 

forming U bend. 382 

heat., how lost. 375 

insfa/iafion methods. 378 

requirements. 388 


Radiant Heating — continued 

layout diagrams . 378 

for radiant heating system . 389 

outdoor-indoor control. .. 388 

panel heating . 379 

panel heat loss . 487 

prc-fabricatcd panel . 380 

radiant rays, outstanding feature. . 377 

property of. 373, 374, 376 

table . 488 

uncoiling copper tube . 381 

venting . 390 

Radiator, connections . 345 

leaky valve . 99 

types . 236 

RADIATORS, CONVECTORS 

AND UNIT HEATERS . 236-244 

classification of unit heaters . 244 

Convectors . 240-242 

clement . 242 

operation of . 240 

def. . 235 

forced draught convector. 243 

gravity radiator convector . 241 

radiation table . 239, 240 

radiator types . 236 

radia tors . 235-239 

action of. 235 

rating of. 236 

the figure . 236, 240 

Unit heaters . 243, 244 

Ratings, commercial steel boilers . 516 

hand fired. 522-524 

hot air furnaces . 60 

residential steel boilers . 520 

S.B.1 . 514 

tables . 518, 519, 523 

REFRIGERATION FOR AIR 

CONDITIONING . 853-880 

absorption system. 861 -863 

basic systems. 853 

classification. 853 

comparison of systems... .. 864 

compression, cycle. 867 

dry. 858 

two methods. 858 

wet. 858 

compression system . 855 

essential parts . 856 

how it works. 857-859 

working principle. 857-859 

condensers. 872-880 

air cooled. 872 

counter-flow. 875 

evaporative . 873 

water cooled. 872 

cooling due to expansion . 862 

diaphragm valve . 866 

essential parts, diag. 856 


















































































































Refrigerationfor Air Conditioning—con^. 


evaporative condensers .876-879 

coils. 880 

def.. 876 

diagram. 877 

manufacture. 879 

operation. 876 

two stage. 878 

evaporators .866, 870 

Young. 871 

expansion valve .860, 866, 867 

boiler analogy. 861 

construction. 870 

diaphragm type. 869 

steam engine analogy. 860 

refrigerating units. 865 

solenoid valve. 866 

typical, circuit. 865 

system. 866 

units for comfort cooling. 865 

wet compression, objections. 859 

Relative humidity. 779 

example. 779 

Resistors. 852 

Restrictor.817, 818 

Retainer valve.144, .320 

Retort.’113 

Return bends. I94 

Riser to mains. 280 

Rock wool. 392 

Roof ventilation, angle rings. 711 

base chain clip. 712 

revolving.. 894 

stationary head. 893 

stiffener angles. 7II 

types. 893 

Ross, Dccalorator.881 -894 

application. 883 

Rotary cup oil burner.. 432 


s 


Saturated, air. 777 

water vapor. 783 

S.B.I. RATING, CODE.511-524 

Section 1, General.513-516 

des. of coimected loads.. 515 

furnace volume. 515 

purpose. 513 

ratings. 514 

Section II, Rating of Commercial 

Steel Boilers.516-520 

fire box volume. 522 

furnace volume. 517 

grate area. 518 

heating surface. 518 

rating. 5I8 

tables.518, 519 


S.B.I. Rating Code — continued 
Section III, Rating of Residential 


Steel Boilers.520-524 

CO2 in flue gases. 520 

draught loss. 521 

flue gas temperature. 521 

furnace height. 517 

furnace volume. 521 

gas fired. 522 

heating surface. 520 

heating surface hand fired. 522 

net rating. 524 

number of boilers. 520 

oil fired. 520 

overall efficiency. 521 

stoker fired. 521 

table. 523 

SCREWED FITTINGS AND 

VALVES.193-206 

classification.193.195 

def-. 193 

run of tec. 197 

standard elbow angles. I97 

tees, how specified. 197 

unions.195, 196 

valves .198-206 

angle.199, 200 

check.205, 206 

gate. .202, 203 

globe.199, 201 

stop or non-return. 203 

various fittings, ills.195-197 

SCREWED PIPE FITTING.207-222 

applying pipe cement. 220 

assembling. 218 

bending tool. 218 

burr removal. 211 

drilling for tapping. 217 

drill sizes, table. 216 

“make up” of line. 219 

nipple holder . 214 

makeshift. 214 

^ operations, ills. 208 

pipe cutter. 209 

preparing pipe for threading. 210 

reamer. 2I6 

resistance diagram. 222 

right and left fitting. 197 

starting die. 212 

Stillson wrench, how to use. 213 

stock and dies, adjustable. 212 

tap, for female threads. 215 

the term “pipe fitting”. 307 

tight joints. 220 

wrought steel pipe, strength of. 221 

Selecting proper radiation. 486 

Selection of fan. 759 

Semi-bituminous coal. 606 

Sensible and latent heat. 17 

Sensible heat.8, 773 























































































































SERVICE.895-966 

adding Freon.12, 918 

oil to compressor. 937 

refrigerant (Carrier).918-920 

air conditioner, air cooled. 955 

water cooled. 956 

air cooled. 949 

blowing water. 950 

Carrier, refrigerant oil chart. 936 

trouble chart.931 -936 

charging system (Philco).914-918 

cleaning, inlet strainer. 940 

oil filter. 941 

compressor, service valve. 946 

compressors. 930 

condensers. 947 

condensing unit, water cooled. 948 

def..895-901 

difficulties. 930 

draining . 949 

coils. 

evacuation, entire system. 920 

low side. 921 


evaporative condenser, trouble chart 957 

cooled. 950 

evaporators. 958 

expansion valve.942, 945 

Freon table. 903 

Halide torch, alcohol type. 908 

parts. 909 

Philco air conditioner. 952 

pumping down. 905 

Purolator oil filter. 941 

receiver. 947 

removal of scale. 951 

removing refrigerant. 922 

repairing seal leak. 938 

retaining charge in high side. 921 

shaft seal parts. 939 

silver brazing.922-927 

sufficient gas test. 929 

testing, discharge valve. 937 

for leaks. 906 

shaft seals. 938 

trouble chart . 931 

(Philco). 928 

water regulating valves .959, 960 

adjusting. 962 

winter freezing. 953 

Servel, all year air conditioner.811-815 

generator. 9^® 

heating coils with pans. 844 

humidifier diagram.843, 844 

schematic flow diag. 843 

steam diverter . 845 

valve. 9^9 

steam generator. 943 

Shoulders on pipe, removal. 210 


Silver brazing.922-927 

Single venting. 252 

Siphon on dry return. 278 

Smoke pipe, cleaning.. 594 

dirty job, ills. 595 

general data. 581 

Smoky flame. 879 

SO CALLED “VAPOR** 

SYSTEMS.123-132 

atmospheric system .124, 125 

chief feature. 127 

operation. 125 

pressure regulation. 125 

radiators used. 127 

steam feed. 126 

thermostatic trap.128-130 

the term “vapor”. 123 

two pipe vapor system. 131 

Soda solution, putting in boiler. 598 

Soft tubes. 293 

Solder joint, how made... 304 

Solenoid valve refrigeration. 866 

Specific heat. 18 

Spheroidal state. 14 

Spray nozzle. 837 

Stack switch circuit No. 3. 763 

Standard, atmosphere. 763 

nipples. 263 

pipe fitting; dimensions. 224 

STANDARD INSTALLATIONS .321-372 

Dunham, control panel. 359 

control valve. 363 

differential control equip. 360 

differential controller. 358 

differential vacuum s5rstem. 354 

heat balancer. 362 

Model RSTT equipment. 356 

Model TRT equipment. 364 

room resistance thermometer. 361 

selector.361, 362 

temperature and control equip.. . . 355 

why called differential. 355 

Marsh tri-trol, regulator.365, 366 

system.367, 368 

Trane, air elimination. 325 

angle flow valve. 369 

boiler connections.323, 324 

connections for convectors. 327 

diagram. 322 

dripping steam main. 324 

equalizer connection. 325 

flow fitting. 369 

one pipe hot water system. 370 

two pipe circuit system. 371 

vapor system.321 -328 

water heating systems. 372 

wet return, remote. 326 

Webster, air pump metering orifice 

vacuum.335-342 


























































































































*"s*aHations—con^/nued 

Vvebster control systems . 345-354 

E-5 electronic moderator... 347 343 

. 349 ; 350 

li.H -10 moderator.351-354 

•^etosfer, convector connections .343, 344 

dirt strainer, drip trap. 334 

down feed risers. 34 I 

dripping steam main. 332 

orifice turbulance dist. 328 

pipe connection to radiators. 340 

radiator connections. 345 

systems of steam heating.328-342 

two pipe metering orifice.329, 330 

type R system.331,’ 332 

Stats - trols - therms and other non¬ 
descript names. 449 

Steam as heating medium. 93 

STEAM HEATING SYSTEMS. . 93-122 

advantages. 92 

check valve in wet return. 112 

classification. 94-96 

dis-advantages. 93 

dry return.. . . IQI 

gradual reduction of pressure. 1 06 

Graham spiro centrifugal loop. . . . . . 122 

Hartford connection. 122 

leaky radiator valve.. 99 

low pressure steam systems...... 9 $ 

mains, inclination of. 99 

non-relief and relief, def..... ’ 108 

non-relief circuit system with loop..! 118 
objections overcome. 93 


one pipe . 


96 


circuit system.! ! ! ' . II 3 

divided circuit, non-relief system 116 

... 

reverse flow. qj 

relief system. 102 

siphon on drip pipe. . ’ 195 

so called one pipe. Hq 

steam as heating medium. 93 

steam loop.. . Ho 

tapered mains. Hg 

two pipe .. . . . . . . . . . 96 

divided circuit system. . 121 

119 


systems. 


variation of pressure in. 1 05 

water backing up. 1 q 9 

wet and dry returns. IO 7 

wet return. * 1 q.| 

Steam, mains, sizes.... coo 

table. . 

Steel furnaces. H 

Stillson wrench. 213 

Stock and dies, adjustable. 212 

Stok-A-Fire stoker; adjusting coal 


feed . 


coal feed chart . 820 027 

examples . 627 


Sto\-A-Fire Stoker —continued 

operating instructions. 

starting the fire.. ’ *. 

Stoker, air supply. 

construction.’' ’ gYo 

feed.* * *^. 

underfeed. 

Stop valve.. 

Stove coal, application.* ’ ’ 

Stoves, characteristics. 

objections to.. 

Surnmer, service; stokers.! . . . 

winter temperatures. 


626 

628 

616 

614 

629 

466 

203 

603 

80 

82 

625 

797 


Temperature. g 

scales. . _ 

the dew point.v.;;;;;;:;;:;783.788 

air movement. ^gg 

definition. ^33 

dry and wet bulb temperatures. 783 

evaporative cooling.Y 786 

facts relating to. 783 

humidification, definition. 785 

moisture, how removed. 795 


F)ointer 8 on. 


. 783 

saturated water vapor. 793 

sensible heat.*]... 784 

wet bulb .. 786 

depression, extent of_. 797 

temperature. 700 tq- 

The figure 240 ..'. V.'V. . 236 

Thermal or gravity system oc 

THERMAL PH YSICS. .; , Jf 

• ... ’25-40 

absolute pressure. 31 

atmospheric pressure. 28 

barometer.’ ’ *. 29 

Boyles’law. ’’ ’’ 33 

Charles’ law..!!!!!.. 34 

compound gauge. 32 

definition.]. 33 

gauge pressure.’ 31 

“inches of mercury”. 39 

boiling point.9 

circulation .. 1!....!. 13 

conduction.[ ’ [ *. 12 

conductivity.] [. .| g 

convection...!.*!.! 12 

definition.’ *. 1 

dynamic inertia. 22 

energy .19 

kinetic.’ ’ *. 21 

potential.19 

foot pound . .f g 

equivalent of. 19 

freezing point. 9 

.3 

























































































































Thermal Physics — continued 

gravity. 

heat . 

and work.. i 

horse power, approved formula . 

formula. 

various kinds of . 

liquid. 

mass. 

example . 

matter. 

molecule. 

momentum . 

power . 

unit of . 

pressure . 

radiation . 

sensible and latent heat. 

solid . 

specific heat . 

speed and dynamic inertia. 

spheroidal state . 

steam . 

boiling point . 

change of state. 

classification of. 

condensate . 

condensation . 

definition . 

dry . 

enthalpy . 

external latent heat. 

factor of evaporation. 

formation of .•; • 

“from and at 212 deg. Fahr. 

gaseous . 

internal latent heat. 

kinds of . . 

lowering boiling point. 

properties of, table. 

superheated . 

table . 

use of. 

three stages . 

total heat . 

vaporization. 

white cloud. 

temperature . 

scales . 

thermometer . 

scales . 

three states . 

transfer of heat . 

unit of. 

water . 

contraction of. 

definition. 

expansion of. 

maximum density. 

thermal circulation . 


1 
5 
17 
26 

25 

26 
3 
2 
2 
1 
2 

. 20 
24 
. 25 

. 27 

. 12 
.8,17 
3 

. 16 
. 23 

. 14 

. 40-56 
46, 48 
41 
. . 42 

. . 50 

. . 50 

. . 40 

. . 43 

. . 47 

. . 44 

. . 54 

. . 43 

. 49 

. . 43 

. . 44 

. . 42 

. . . 51 

.52, 53 
. . . 43 

. 55, 56 
. . . 54 

. . . 45 

. . . 48 

. . 44 

. . 41 

5 
7 

6 

... 10 
... 3 

... 11 
5 

. .35-40 
. ... 37 

. . . . 35 

.... 36 

.... 36 

39 


38 

1 

24 

773 

10 


Thermal Physics— continued 

weight of. 

weight. 

work. 

Thermometer. 

scales. 

Thermostatic air valve, operation of. 315 

THERMOSTATS 

alleged terms for “thermostat’’ 

anticipation feature.^ ^ 

basic principle. 

day and night thermostat. 404 

elementary diagram.450 

operation.. ; 

twin thermostat wiring diagram 40 j 

two stage Sensatherm. 

wiring diagram. 

Threads, standard pipe. 

Three, stages. 

states. 

weights of pipes. 

Throttling in air venting 249 

Time switch circuit No. 2 437 

Trane, bellows trap 

diaphragm radiator valves 

operation. 

vapor system. 

Transmission, continuous. 

stoker. 

stoker oiling. 

Traps, so called. 

Triple venting 

Trouble chart (Philco) ^28 

troubles, service, 

OPERATION. 
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184 

45 
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319 
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motor fails to start 
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665 
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679 

677 


625, 631, 


overloading. 

rumbling flame. 

smoke stack too hot. 

smoky flue. 

stokers. 

vibration. 

water regulation.... 

Twin thermostat- 

Two pipe, heating systems 119 

hot water system. 

Two stage Sensatherm ^51 


680 

677 

679 

632 

679 

665 
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Underfeed stoker. 466 

Unions.195, 196 

Unit heaters. 243 

wiring diagram. 653 
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VACUUM SYSTEMS.139-154 

changing to. 255 

classification.139, 140 

condensate. 154 

damper regulator. 146 

definition. 139 

draught control . 147 

operation. .148-150 

dry air pump. 153 

master thermostatic valve. 144 

mechanical vacuum, ejector system 152 

operation. 153 

mechanical vacuum systems. .151-154 

ejector system. 151 

so called “vacuum pump”. 151 

the term “mechanical”. 151 

mercury seal . 141 

operation.142, 143 

natural vacuum systems.141-150 

pipe connections. 340 

retainer valve. 145 

thermostatic valve. 144 

Valve seats. 200 

Valves.198-206 

placement of. 272 

VALVES ON RADIATORS 307-320 

air valves, automatic control. 316 

hand control. 310 

automatic air valves. 316 

bellows type trap, operation of. 319 

classification. 307 

duties of. 307 

Marsh, float type valves. 317 

graduating valves. 310 

metering orifice valve. 312 

quick vent air valve. 316 


Ventilator dampers. 712 

bases .708-714 

condensate gutters.709, 710 

square. 709 

ring packing principle. 309 

thermostatic, air valve, operation.. 315 

expulsion valves. 318 

Trane, diaphragm valves. 311 

high pressure trap. 318 

valves and traps distribution. 320 

Venting small and large radiators. . 246 

Venting the mains. 255 

VENTS AND VENTING.245-258 

adjustable air valves.246 

air in water. 245 

air valve, multiple arrangement. 249 

changing to vacuum system. 255 

Dole vacuum valves. 256 

double venting. 251 

end radiator, permanently cold. 248 

Marsh traps. 257 

quick vents . 253 

double. 254 

single venting. 252 

testing vacuum systems. 258 

throttling air valves. 250 

toy valve on end of main. 247 

triple venting.. 249 

unequal heating. 246 

venting, difficulty with on and off 

burner. 245 

the mains. 255 
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Wall panels. 387 

*‘Warped out”. 444 

Washers.825-828 

Airco two unit. 826 

construction. 867 

elementary. 825 

eliminators. 828 

essential parts. 827 

spray, apparatus. 827 

nozzles. 828 

two and three unit.832, 835 

Water.35-39 


. .. 37 

... 281 
... 281 
... 39 

... 38 

... 402 
... 312 
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... 311 
328-34f 


ordinary globe valve. 308 

packed radiator valves. 307 

packless valves. 309 

Vaporization. 44 

Various radiators.237, 238 

Ventilation of kitchens. 737 

air supply, precaution. 739 

hood, location. 738 

size. 738 

light cooking. 738 


expansion, contraction... 

hammer. 

pockets. 

thermal circulation.. 

weight of. 

Weathertite sheathing.. 
Webster, metering type. . . 
packless radiator valves. 

radia tor valve . 

bellows type. 

steam heating systems. . 
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Wet bulb, depression.786, 787 

temperature.783, 784 

Wet, compression. 859 

return .. 101 

advantage. 277 

operation. 277 

Wind and thermal effects. 691 

Wind box. 616 

Winter air conditioning. 804 

WIRING DIAGRAMS, automatic 

control.525-576 
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forced hot air. 552 
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hot water.536, 598 

Mercoid. 526-536 

Modulflow, reset.556-567 

volume control.568-576 
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summer-winter. 550 

weatherstat. 546 
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CHAPTER 1 


Thermal Physics 

By definition, thermal physics is that branch of science which 
treats of the effects of heat upon matter. 

Matter. — What is matter? 

Ans. Any substance or material that can be weighed or 
measured. 

Oues. What is the difference between matter and a body? 

Ans. A definite quantity of matter is called a body. 

Oues. How is the quantity of matter in a body determined? 

Ans, By weighing it upon a lever or platform scale or upon 
a spring scale. 

Oues. What is weight? 

Ans. A force due to gravity. 

Oues. What is gravity? 

Ans. The tendency of a mass of matter toward a center of 
attraction. 

Especially the tendency of a body toward the center of the earth, that 
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is, it is a force that attracts bodies, at or near the surface of the earth 
toward the center of the earth. Figs. 1 and 2. 


Oues. What is mass? 

Ans- The weight of a body divided by the acceleration due 
to gravity. 




at HIGH 
ELEVATION 


Figs. 1 and 2 —Variations in reading a spring scale for latitude and elevation. Since the 
vaiue of g (attraction due to gravity) increases with latitude and decreases with elevation, 
evidently there will be more or less variation of a spring scale reading for different localities. 


The acceleration of a falling body due to gravity =32.174 feet per 
second, 

100 

Example.— The mass of a 100 lb. weight equals ^2 IQ =^-11 On the 

surface of the sun, where the force of gravity is 28 times as great as on 
the earth, the same object would weigh 2,800 lbs., but its mass would be 
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28X100 
^X82 16 

It will be observed that both mass and weight are taken in pounds. 
This double use of the word pound is customary, although somewhat am¬ 
biguous. Mass is an important factor in the study of motion. 

Oues. In what forms does matter exist? 

Ans. It exists as a solid, liquid or gas. Fig. 3. 

Ones. What is a molecule? 

Ans. The smallest particle in which a substance can exist 
in the free or uncombined state. 

The Three States.—As before stated, matter can exist in 
three states: 

1. Solid. 

2. Liquid. 

3. Gas. 

Ones. How are the three states distinguished with respect 
to molecules? 

Ans. By the character of their motion. 

Ones. How do the molecules move in a solid? 

Ans. Back and forth like tiny pendulums. 

Ones. How do they move in a liquid? 

Ans. They wander all around without any definite paths. 

Ones. How do they move in a gas? 

Ans. In straight lines. 

Ones. What are the characteristics of a solid? 
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Ans. It has a fixed form, being hard, firm and compact as 
ice or a metal. 

Owes. What are the characteristics of a liquid? 

Ans. It can flow or move about and can be poured in drops. 



Fiti. 3:— The three states. If the temperature of the air surrounding the cake of ice rise 
above 32° Fahr. the ice will melt, that is, fusion takes place, resulting in a change of state 
from 1st state to 2nd state) — from a solid to a liquid. Again, if heat be added to the 
waler raising its temperature to 212° the boiling point at standard atmospheric pressure 
is reached. To change the state again from liquid to gas (that is, from water to steam) 
additional heat must be supplied (known as the internal latent heat and the external 
latent heat). Under these conditions vaporization takes place and the third or gas 
.<;tate is reached. 

Ques. What are the characteristics of a gas? 

Ans. It is elastic and expands on reduction of pressure and 
contracts on increase of pressure. 

Ones. What are the characteristics of some substances? 

. .\ns. They can ej^fet ifi all three states, for instance water 
which can exist as a solid (ice), liquid (water) or a gas (steam). 
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Oues. Upon what substances do heating and ventilation 
depend? ’ 

Ans. Air, water and steam. 

1. HEAT 

Ques. What is heat? 

Ans, 1. A form of energy known by its effects. 2. A form of 
energy in bodies consisting of molecular vibration. 

Oues, What governs the degree of molecular vibration? 

Ans. The higher the temperature, the faster the molecules 
move; the lower the temperature, the slower they move, 

Ones. What is the unit of heat? 

Ans. The British thermal unit {B.t,u.). 

Ones. What is the (mean) B,t,u.*! 

Ans. 1/180 part of the heat required to raise the temperature 
of one pound of water from 32° to 212° Fahr. Figs. 4 and 5. 

Temperature. — A substance is said to be hot or cold accord¬ 
ing to its physical or sensible effect when touched. 

Ques. Define temperature. 

Ans. Temperature is that condition of a body on which its 
power of communicating heat to or receiving heat from other 
bodies depend. 

Ones. When is a body at a higher temperature than another 
body? 

Ans. When its molecules move faster than those of riie other 
body. 
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0«es. How is temperature measured? 

Ans. Ordinary temperatures, by a thermometer. Very high 
temperatures, by a pyrometer. 

Stack thermometers are made for temperatures up to 960° Fahr for 
fating house heating boilers, especially the ridiculous sectional cast iron 
aJJeged boilers. Fig. 6. 



0«es. What is the construction of a thermometer? 

Ans. It is an instrument consisting of a glass tube terminat- 
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ing in a bulb, which is charged with a 
liquid, usually mercury or colored alcohol. 

Oues. How does it work? 

Ans. The liquid contracts or expands 
with changes in temperature, falling or 
rising in the tube against which is placed 
a graduated scale. 

Oues. Name two kinds of heat. 

Ans. Sensible and latent (later ex¬ 
plained). 

Oues. What kind of heat does a ther¬ 
mometer measm-e? 

Ans. Sensible heat, that is, the tem¬ 
perature of a substance indicates how 
hot or cold is the substance. Figs. 7 
and 8. 


Temperature Scales.—In the con¬ 
struction of a thermometer there are 
two fixed points to which the scales are 
referred. 


Oues. What are the two fixed points? 
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COLD HOT 



j,’n} 7 — Two familiar examples of “sensi*.>le heat. 

SENSIBLE HEAT 



Fig. 8- Another example of sensible heat. 
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Ans. The freezing point and the boiling point (at standard 
atmospheric pressure). Fig. 9. 


Owes. How is the scale graduated? 



Ans. By graduating the distance between the two fixed 


point- Pack cracked ice around the bulb of the 
‘I’l. tunnel whjeh allows water from melting ice to drain. Leave thermometer 
cove^ ">th the ice 15 minutes. The top of the column of mercui^will indTai? tl^ 
freezing point. Mark by scratching the gla™ with a fine file. 'nn'rate the 


points into the proper number of degrees corresponding to the 
particular scale used. 


Owes. How is the graduation arrived at? 
.\ns. Arbitrarily. 
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THERMOMETER SCALES 



FAHRENHEIT CENTIGRADE REAUMUR 


Fit;s. 10 to 12 — Viwious thermometer scales. 
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Oues. What are the scales in general use and where used? 

Ans. The Fahrenheit (in English speaking countries); the 
Centigrade or Celsius (in countries that use the metric system) 
and the Reaumur (used on the Continent of Europe). 

Comparison of Thermometer Scales.—The following fac¬ 
tors will be found convenient in obtaining equivalent readings 
on the different scales. 

1 degree Fahrenheit —5/9 degree Centigrade = 4/9 degree Reaumur 

1 “ Centigrade = 9'5 “ Fahrenheit = 4 5 “ 

1 “ Reaumur =9/4 “ “ =54 « Centigrade 

Temperature Fahrenheit = 9/5 Xtemp. C -|-32° = 9/4 R +32° 

Centigrade = 5/'9 X (temp. Fahr. — 32) = 5/4 R 
Reaumur =4/5 temp. C =4/9 (Fahr. 32) 

Transfer of Heat. — When bodies of unequal temperatures 
are placed near each other, heat leaves the hot body and is 
absorbed by the colder body until the temperature of each is 
equal. 

Oues. Upon what does the rate of heat transfer depend? 

Ans. The rate by which the heat is absorbed by the colder 
body is proportional to the difference of temp>erature between 
the two bodies, the greater the difference of temperature the 
^greater the rate of flow of the heat. 

Oues. How is heat transferred from one body to another 
body at lower temperature? 

Ans. By 1, radiation; 2, conduction; and 3, convection. 

Oues. What is radiation? 

Ans. The throwing out of heat in rays. The heat rays pro¬ 
ceed in straight lines and the intensity of the heat radiated 
from any one source becomes less as the distance from the 
source increases. 
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Ques. What is conduction? 

Ans. The transfer of heat through substances, as for instance, 
boiler plate to another substance in contact with it. 



Fig. 13 —Elementary diagram illustrating transfer of heat by radiatUtti, conductiuu 
and convection. 


Ques. What is convection? 

.\ns. The transfer of heat by the motion of the heated 
matter itself; it can therefore take place only in liquids or gases. 

Ques. Describe radiation, conduction and convection. 

.\ns. Heat from the burning fuel passes to the metal of the 
heating surface by radiation; through the metal by conduction. 
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F^g 14 •^y convection (circulation). 


Owes. What causes circulation? 

Ans. Variation in the weight of the water due to 
differences. Fig. 14. 


temperature 
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That is, the water next to the heating surface receives heat and expands ; 
(becomes lighter) and immediately rises due to displacement by the ' 
colder and heavier water above. 


Owes. What would happen if there were no circulation? 

Ans. The ‘‘spheroidal state'' would be reached and the metal 
of the boiler dangerously overheated. 


red mot plate 


DPOP OF WATER 


FILM OF STEAM 



Fig. 15 — Drop of water on red hot plate illustrating the sphrrttitlal slate. 


Ques. What is the spheroidal state? 

Ans. The condition of a liquid, as water when being thrown 
upon the surface of a highly heated metal. It rolls about in 
spheroidal drops or masses, at a temperature several degree^ 
below the boiling point and without actual contact with the 
heated metal. Fig. 15. 


Ones. To what is this phenomenon due? 

Ans. To the repulsive force of heat and the intervention of a 
cushion of steam. 
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Conductivity. — By definition, conductivity is: The relative 
value of a material as compared with a standardy in affording a 
passage through itself or over its surf ace for heat. Fig. 16. 


Oues. What is a very bad conductor ignorantly called? 
Ans. A non-conductor. 



Fig. 16—Experiment illustrating heat conductivity of various metals. 


Oues. What should it be called? 
Ans. An insulator. 

Oues. Name a good conductor. 
Ans. Copper. 
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Any substance that is a good conductor of electricity is a good con¬ 
ductor of heat. 

Specific Heat.—By definition the specific heat of a sub¬ 
stance is: The ratio of the quantity of heat required’ to raise its 
temperature one degree to the amount required to raise the tem¬ 
perature of the same weight of water one degree. Fig. 17. 


iLB OF WATER 



— temperature rise 

~ ~ 1° FAHR — 

I B.t.u. REQUIRED 


A 


I LB. OF 


SUBSTANCE 



TEMPERATURE RISE 
F FAHR 


SPECIFIC HEAT = 


B (B.t.u.) 


A (B-t-u.) 


Fig. 17 — ^Elementary sketch illustrating specific heat. 

Expressed as a formula: 

B.t.u, to raise temp, of substance 1° 


Specific heat = „ . . . ^ --—- - 

B.t.u. to raise temp, of same weight water V 

from this it follows; 

Specific heat = required to heat 1 lb. of a substance 1' Fakr. 
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Owes. What is the standard? 

Ans. Water usually taken from 62° to 63° Fahr. 

Sensible and Latent Heat.— That part of the heat which 
produces a rise in temperature as shown by the thermometer^ in 
distinction from laten t heat, is called the sensible heat because 
it is sensible to the touch. 

Ones. What is latent heat? 

Ans. That quantity of heat which tlisappears or becomes 
concealed in a body while producing some change in it other than 
d rise of temperature. 

\ Ones. Name two kinds of latent heat. 

Ans. The internal latent heat and the external latent heat 
(further explained later). 

I Heat and Work.— The ability to do work or move against a 
resistance is called energy. 

Ones. What is work? 

Ans. The overcoming of resistance through a certain distance 
by the expenditure of energy. 

Ones. How is work measured? 

Ans. By a standard unit called the foot pound. 

Ones. What is a foot pound? 

Ans. The amount of work done in raising one pound one foot, 
or in overcoming a pressure of one pound through a distance of 
one foot. Figs. 18 and 19. 
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ELEMENTS OF 
THE 

FOOT POUND 




Fi«. 1« Klements of a foot pound — f*ne fattl and one paiinti. 


ONE FOOT POUND 

^OF WORK) 

.... 



Fig. 19- Man raising one pound one foot illustrating one foot pound. 

NOTE.— Dont tcrite in and tell us that the one foot is out of proportion to height of thej 
man—we know it. Why did draughtsman exaggerate the foot? Use brains. 


^ 1 

ONE 
POUND 
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Oues. What is the relation between heat and work? 

Ans. Experiments show that one unit of heat = 777.52 foot 
pounds of work. Fig. 20. 

Thst is to say; It takos 777.52 foot pounds of work to raise the tempera- 
ture of one pound of water one degree Fahr. 

Oues. What is this relation between work and heat called? 
Ans. The mechanical equivalent of heat. 


thermometer 





Fig. 20— -The mechanical equivalent of heat. In 1843 Dr. Joule of Manchester, England 
determined by numerous experiments that when 772 foot pounds of energy had been 
exi>end^ on one pound of water, the temperature of the latter had risen one degree, and 
the relationship ^tween heat and mechanical work was found; the value 772 foot pounds 
as Joule s equivalent. More recent experiments give higher figures, the value 
7/8, 18 now generally i^ed but according to Kent 777.62 is probably more nearly correct. 
If larks and Dans m their steam tables have used the figure 777.52. 


Energy. — By definition, energy is stored work. 

Oues. Name two kinds of energy. 

Ans, Potential energy and kinetic energy. Figs. 22 and 2.3. 
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Oues. What is potential energy? 

Ans. Energy due to position. 

Ques. What is kinetic energy? 

Ans. Energy due to momentum. 




ct: 

o 


i 


Ques. What is momentum? 

Ans. The ''quantity of motion'' in a moving body. 

Ones. More specifically, what is momentum? 

Ans. The quantity of motion in a moving body which is 


GOING UP 
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TENSION 


STOPPING 


Thermal Physics 


DYNAMIC INERTIA 


OF MOVING BODY 


SUDDEN 

STOP 


AFTER 


BEFORE 


applying brakes 


applying brakes 


or dynamic inertia illustrated by the usual method of stopping a car 
aa practice! by alleged drivers ( ‘greenhorns or starters and stoppers”). When considerate. 
go®throu1h“ he^win^^shiSd®”® •"’‘"K to stop, otherwise you will probably 


RESISTANCE 


PULL 


TO starting 


WORK BEING DONE 
BY LOCOMOTIVE 


STATIC inertia 

fAT rest) 


STARTING 


PUSH 


RETARDING FORCE 
DUE TO brake ^ 


COMPRESSION 


DYNAMIC INERTIA 


(IN motion) 


KINETIC ENERGY OF MOVING CARS BEING C0NV£RTED<^ 

INTO HEAT (heating BRAKE SHOES) 

26 —Train analop illustrating work done by locomotive in starting, and work 
done by moving tram m stopping - note work being^ converted into heat fn stop^ng. 
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proportional to the quantity of matter multiplied by the 
velocity. Fig. 24. 

Power.— By definition, power is the rate at which work is 
done. The only difference between work and power is the time 
factor. Expressed as formula 

work = resistance X distance 
resistance X distance 


power = 


time 
= work-i-time 


nowri—work 



POWER 

(ONE HORSE POWER) 



100 LBS. LOAD ON PISTON 
330 FT. PER MINUTE PISTON SPEED 


Fig. 28 — The difference between work and potoer, 

NO IE. — E^nless you fully understand the difference between work and power, don’t do 
any talking. 
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The Unit of Power.— In general use, the unit of power is 
the horse power* which is defined as 33,000 foot pounds per 
minute. 

Ques. What is the usual and ridiculous method of calculating 
horse power? 

Ans. By the “PLAN” formula. 

Ones, What are the objections to the “PLAN” formula? 

Ans. It involves a considerable waste of time and chances 
of making mistakes in the calculation. 

Ones. How should this be avoided? 

Ans. The “PLAN” formula should first be reduced to its 
lowest terms (same as any fraction) as follows: 

The PLAN formula is — 

2XPXLXA XN _2 (.7864D^) PLN 
, ■ ■ 33,000 ' 33,000 . ^ ^ 

in which 

P=mean effective pressure in lbs. per sq. ins.; 

L= length of stroke in feet: 

A = area of piston in sq. ins. = .7854Xdiameter of piston squared; 

N= number of revolutions per minute; 

D= diameter of piston in inches. 

After reducing to lowest terms, the length of stroke should 
be changed from feet to inches. The operations in full are: 

H P ^ plan _ 2xPxrix.7864x D-XN .1309xPLD^N 
33,000 33,000 ~ 33,000 

= .00000396 TP L D2N 


‘NOTE.—The term “horse power” is due to Janies Watt, early inventor who first used 
Steam expansively in a steam engine. Watt considered the horse power as beine the power 
of a strong London draught horse to do work for a short time. 
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Using the constant .000004 instead of .000003967 which is 
near enough for ordinary calculations, and changing the order 
of the factors, the formula becomes 

H.P.-.000004D“LNP ... (2) 

Note here that L, is taken in inches, not in feet as in the 
"PLAN” formula. 


VARIOUS KINDS OF HORSE POWER 


iNOICATOM 


M.EP. 7 lbs 



actual M.e.P plil 


AREA PISTOM 

-- 


AREA PISTON 


PlSTOW SPEED- 



ACTUAL 



1 


PISTON SPEED B 



Nominal Indicated 



Brake 



Fig. 29—What should be known about horse poiver. 


Oues. What is one boiler horse power? 

Ans. The evaporation of 30 lbs. of feed water per hour, from] 
a feed temperature of 100° Fahr. into steam of 70 lbs. gauges 
pressure. 

This is equivalent to 33,478.8 B.t.u. per hour or the evaporation of| 
34^2 of water per hour at 212®—stated as “/rom and at 212'' Fahr” 
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APPLIED 



f 5 LBS. EACH OR 

"I total 80 LBS. 


.0625 OR is SO.IN. 

,5 LBS. EACH 



aNE SQ. IN. 


ik SQ. IN. 


‘llustrating pressure per sq. in. In fig. 31, the 16 weights are dis- 
80^nnH« corr^pondmg to 80 lbs. per sq. in. In fig. 32, the 16 weights or 

80pounds are piled up over only 1/16 sq. in. corresponding to80X 16= 1.280 lbs. |>er sq. in. 
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2 . AIR 

By definition, air is a gas consisting of a mechanical mixture 
of 23.2% of oxygen (by weight) 75.5% nitrogen and 1.3% 
argon and small amounts of other gases. 

Oues. What is pressure? 



.\ns. According to Rankine: A force of the nature of a 
thrust distributed over a surface. Figs. 30 to 32. 

Oues. What is atmospheric pressure? 
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Ans, The force exerted by the weight of the atmosphere 
every point with which it is in contact. Fig. 33. 


on 



BOtUNO tNCHtS 
POINT OF 

OE6.FAHR. MERCURY 

31 

Z 12 29.921 A 

209.55 2850 - 


ABSOLUTt 

PRESSURE 

LSS.PER5QJNL 

-15.226 
-14.696 



Figs 34 and 35 — Principle of the barometer with scales of boilinK points, inches of mercurv 
and absolute pressures per sq. in. • 
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Ques. How is atmospheric pressure measured? 

Ans. In inches of mercury (barometer reading) or the cor¬ 
responding pressure in lbs. per sq. in. 

Oues. What is the pressure of the atmosphere? 

Ans. Approximately 14.7 lbs. per sq. in. at sea level. 

The standard atmosphere is 29.921 inches of mercury = 14.696 lbs. 
per sq. in. 14.7 is near enough for ordinary calculations. To further sim¬ 
plify calculations “butchers” call it 15 lbs. What do you mean by 
^ '"butcher Use your brains. 



Owes. What do you mean by “inches of mercury”? 

Ans. The height to which the column of mercury of the 
barometer will remain suspended to balance the pressure due 
to the weight of the atmosphere. Fig. 34 and 35. 

Owes. How does atmospheric pressure vary due to elevation? 

Ans. It decreases approximately one half pound for every 1,000 
feet ascent above sea level. 


I 
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Oues. How is the pressure in lbs. per sq. in. obtained from 
the barometer reading? 

Ans. RULE: Barometer reading in inches XA9116 = pressure 
per sq. in. 

Various readings are given in the following table: 

Pressure of the atmosphere per square inch for various readings 
of the barometer: 


Barpmeter., 
(ins. of mercury) 


28.00 

28.25 
28.50 

28.75 
29.00 

29.25 
29 50 

29.75 


Pressure 
per sq. ins., lbs. 

Barometer 
(ins. of mercury) 

13.75 

29.921 

13.8^^ 

30.00 

14..00 

30.25 

14.12 

30.50 

14.24 

30.75 

14.37 

31.00 

14.4d 


14.61 

1 


Pressure 
per sq. ins., lb*. 


14.6% 

14.74 

14.86 

14.98 

15.10 

15.23 


70 0^1 IS based on the standard atmosphere, which by defin- 
ition== 29.921 ms. of mercury = 14.6% lbs. oer so in that ic i 

mercury = M.09G-h29.92l =.49116 lbs. per sq.^in. ^ ^ ^ 

Gauge and Absolute Pressure.—By definition, gauge pres¬ 
sure IS pressure whose scale starts at atmospheric pressure. 

Oues, What do you mean by absolute pressure? 

Ans. Pressure measured from the true zero or point of no 
pressure. ■’ 

When the hand of a steam gauge is at zero, the absolute pressure 
existing in a boiler is (approximately) 14.7 lbs. per sq. in. Figs, .^s'^nd 37 

gauge pressure -5-1-14.7 = 19.7 lbs. per sq. in. absolute pressure. 
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Ques. What kind of gauge is used on vacuumized steam 
heating systems? 

Ans. A so called “compound gauge” that is, one which reads 
either lbs. per sq. in. or inches of mercury, according to whether 
the presswe in the boiler be above or below atmospheric 
pressure. Fig. 38. 



Fig. 38—Marsh compound pattern ounce graduated retard gauge. Dial readings 30 lbs. 
pressure and 30 inch vacuum. From 0 to 5 lbs., one lb. numerals are provided, and 
wide clear, one ounce pressure intervals; from 5 to 30 lbs., indications are at 5 lb. 
intervals. Vacuum is indicated from 0 to 10 in. numerically at each 2 in. interval and 
with sub graduations at each K in. interval; from 10 to 30 in. a graduation is provided 
at each 6 in. vacuum interval. Not suitable for excessive pulsation. 


Ques. What is the most objectionable thing about air? 

Ans. Its presence in a steam heating system causes faulty 
action and is the reason why some radiators take a long time 
to get hot or don’t work at all. 

Ques. How did the air get into the heating system? 

Ans. Water contains air mechanically mixed with it which 
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is released during vaporization. This air must be got rid of, 
also the additional air which enters the system through the 
air valves when the radiators cool off. Figs. 39 and 40. 

Ones. What is the real reason for trouble in getting rid of 
the air? 

Ans. The practice of unscrupulous contractors in putting in 
the cheapest and smallest air valves that can be obtained. 



BOILING WATER 

w1?h ill-Bf-ating the liberation of air mechanically 


Oues. What is relative humidity? 

.\ns. The degree of saturation of air with watery vapor. 

Ones. What happens when air is compressed? 

Ans. Both its pressure and temperature are changed in ac¬ 
cordance with Boyle’s and Charles’ laws. 

^ LAW: At ronstnnt temperuture the absolute 
pressure of a gas varies inversely as its volume. Figs. 41 to 45. 
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CHARLES’ LAW: At constant pressure the volume of a gas : 
is 'proportional to its absolute temperature. 

If the cylinder in fig. 46 be filled with air at atmospheric pressure 
(14.7 lbs. per sq. in. absolute) represented by volume A, and the piston 
be moved to reduce the volume to say A, as represented by B, then ; 
according to Boyles's law, the pressure will be trebled or = 14.7 X3 =44.1 
lbs. absolute or 44.1 — 14.7 =29.4 gauge pressure. 



Figs. 41 to 45—Diagram and compression stroke progressively shown illustrating Boyle*» 
law. As the piston travels from }>osition F, to F, A, L, the pressures are 14.7, 29.4»: 
58.8, 117.6 Ibw. absolute, respectively, being inversely proportional to the volume. The>s 
points F, R, A, L, on the compression curve correspond to the piston positions F, 

A, L, as shown. 
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In reality, here is where Charles’ law comes in, a pressure 
gauge on the cylinder would at this time show a higher pressure 
than 29.4 gauge pressure because of the increase in tempera¬ 
ture produced by compressing the air. This is called adiabatic 
compression if no heat be lost, or received externally. 


, NWE.--CaMfion in calculations involving Boyle’s and Charles’ laws abaalute 
and ubsalute temperature should be taken. 


pressure 


Ques. What is the absolute zero of temperature? 



46—Elementary air compreasor illustrating the phenomenon of 
in Boyle a and Charles laws. 


compression as stated 


Ans. 459.6 degrees below zero on the Fahrenheit scale 
written — 459.6°. Fig. 47. 


3. WATER 


By definition: Water is a chemical compound of two gases, 
>xy gen and hydrogen in the proportion of 2 parts by weight 
if hydrogen to 16 parts by weight of oxygen having mecha- 
licrlly mixed with it about 5% of air by volume at 14.7 lbs. abs. 
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Owes. What should be noted about water? 

Ans. It may exist as ice, water, or steam, due to changes in 
temperature. 

Water freezes at 32° Fahr. and boils at 212° when the barometer 
reads 29.921 ins. 

Oues. What is its point of maximum density? 

Ans. 39.1° Fahr. Fig. 49. 



Ones. What property of water causes circulation in boilers 
and in hot water heating systems? 

Ans, Its change in weight with change of temperature. That 
is, the higher the temperature of the water, the less it weighs. 

Ones. Why does the weight of water change with tempera¬ 
ture changes? 




























WEIGHT OF WATER 

PER CU. FT. OF DIFFERENT TEMPERATURES 
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Ans. As the temperature rises, the water expands, hence a 
unit volume of water contains less water at high temperature 
than at low temperature. 

Fill a vessel with cold water and heat it to the boiling point — it will 
overflow due to expansion: Now let it cool — then when cold, the vessel 
will not be full of water because of contraction. 


Ones. Describe circulation in boilers and hot water heating 
systems. 



Ans. The heavy low temperature water sinks to the lowest 
point in the boiler (or system) and displaces the light high 
temperature water, thus causing continuous circulation as long 
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as there is a temperature difference in different parts of the 
boiler (or system). Figs. 51 to 53. 

Oues. What is this kind of circulation called? 

Ans. Thermal circulation. Fig. 53. 

Oues, What is the weight of water? 

Ans. One cu. ft. of water at 32° Fahr. weighs 62.41 lbs. and 
at 212°, 59.82 lbs. See table page 38. 

One U. S, gallon of water (231 cu. ins.) weighs 8.33111 lbs. (ordinarily 
expressed as 8M lbs.) at a temperature of 62°Fahr.; at any other tem¬ 
perature the weight will be dilferent. 


Oues. Must water be hot to boil? i 

Ans. No. 

The boiling point depends upon the pressure. For instance, water 
under a 28 in. vacuum will boil at 100°; if the vacuum be increased toj 
29.74 ins. it will boil at 32° Fahr. 


4. STEAM 

Those who design, install, or have charge of steam heating] 
plants certainly should have some knowledge of steam, its for^| - 
mation and behavior under various conditions. - 

Usually this knowledge is sadly lacking and should be of a' ’ 
higher order than that possessed by some individuals who calf * 
British thermal unitsy British “terminal” units. 

Ques. What is steam? 

Ans. The vapor of water. 

It is a colorless expansive and invisible gas. ! 

- -- -- 
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Owes. What is the “white cloud” seen issuing from the ex¬ 
haust pipe of a steam engine and ignorantly called steam by 
greenhorns? 

Ans. It is a fog of minute liquid particles formed by con¬ 
densation. That is, finely divided condensate. 

Ques. What causes the white cloud? 

Ans. Exposure of the steam to a temperature lower than 
that corresponding to its pressure. 


VACUUM mSIDE BOILING 



If the inside of a steam heating main were visible it would be filled 
part way with a white cloud and in traversing the main the little particles 
combine, forming drops of condensate too heavy to remain in suspension 
and acconhngly drop to the bottom of the main and drain off as con¬ 
densate. This condensate flows into a drop leg of the system and finally 
back into the boiler, together with additional condensate draining from 
the radiators. ^ 
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Classification of Steam.—Although the word steam should 
only be applied to the saturated gas however for conven¬ 
ience. it is classed as; 1, saturatedj 2. dryj 3, wetj 4. super¬ 
heated; 5, highly superheated or gaseous. Fig. 55. These alleged 
kinds of steam are defined as follows: 




WHITE CLOUD-^^ 

(LONDON fog) 

ALLEGED 

WET STEAM C ^ 

CONDENSATION f cV'-’ I <.?•' 

' ^ V, -1 -• 


BEGINNING TO F01r?^ 


SATURATED 
- STEAM 

CAN'T SEE IT 



Fig. 55—Safety valve blowing, illustrating the three fundamental kinds of steam. 


Saturnted steaui Steam of a temperature due to its pressure*. 

Wet St entnSteam containing intermingled moisture, mist or spray. 


*^P™^~This is the definition expected by an examiner in an examination — especiallr 
If he be of the smart variety — it represents the only condition in which true steam can 
exist, borne of the examiners are sometimes too smart — ^be on the alert for their tricks. 


I 
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Dry «team—Steam containing no moisture. It may be either saturated 
or superheated. 

Super-heated «team—Steam having a temperature higher than that 
corresponding to its pressure. 

Gaseous steam -A ridiculous classification for highly super-heated 
steam because both super-heated steam and “gaseous’^ steam are gaseous. 


The Formation of Steam.—The various changes which 
take place in the making of steam are known as vaporization. 
Figs. 56 to 60. 


THE FORMATION 




ward of a of burb'K “ ?n‘o^'„*’;‘a^in^g waTr^'oT^SSrS^:”" 


Oues. How much heat does it take to generate steam? 

Ans. The sensible heat + the internal latent heat + the 
external latent heat 
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Oues. What is the sensible latent heat and why so called?] 
Ans. That part of the heat which produces a rise in temper¬ 
ature as indicated by the thermometer. 

Sensible heat is so called because it is sensible to the touch. Figs. 7 and 8 


VAPORIZATION 


CIRCULATION 


DISENGAGING AND 
BURSTING OF BUBBLE- 


COLLAPSE OF BUBBLE , 
(IN COLD zone) 

CHANGE OF STATE■ 



WHITE CLOUD 

IGNORANTLY CALLED^STEAM* 


SATURATED 
STEAM 

CAN’T SEE IT 

■ DISENGAGING SURFACE 
OF THE WATER 


- EXPANSION OF BUBBLE 
HEATING SURFACE 
- DISENGAGEMENT 
FROM heating SURFACE 




Fig. 61—The phenomenon of vaporization or process of boiling. 


Oues. What is latent heat? 

Ans. The total latent heat, that is, internal latent heat + 
external latent heat. Figs. 69 and 70. 

Oues. What is the internal latent heat? 

Ans. The amount of heat that water will absorb at the boil 
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The Three Stages 


STAGE 3 





















































EFFECT OF PRESSURE ON BOILING POINT 
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Ul 





-Variation o£ thc bo iling |>omt when the pre«sure changes. 
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ing point without a change in temperature — that is, before 
vaporization will begin. 

Oues. What is the external latent heat? 

Ans. When vaporization begins, the amount of heat re¬ 
quired because of the work in pushing back the ahnosphere to 
make room for the steam. 


INTERNAL 
latent heat 

the business of waiting 

FOR THE COFFEE POT TO BOIL 


external 

LATENT HEAT 

WHEN THE POT BOILS 




does not agree witT^the gene^ally^ accepted 7a?cidation^ 

external work of vaporization in fhe formation of a latent heat of : 


0«es. What name is objectionably given to the total heat of ^ 
saturated steam — especially by the high brow. ‘ 

Ans. Enthalpy. 


Oues. Why the objection? 

A.n8^ The word is not self defining, and may be classed as 
“professorish”. 


4udied effort to be 
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Oues. Upon what does the boiling point depend? 

Ans, Upon the pressure and upon the nature of the liquid. 

For instance water boils at 212° Fahr. and ether at 9° under atmos¬ 
pheric pressure of 14.7 lbs. per sq. in. 


Oues. What is the relation between boiling point and 
pressure? 



Ans. There is a definite temperature or boiling point corre¬ 
sponding to each value of pressure. 

When vaporization takes place in a closed vessel what 
happens if the temperature rise? 
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Ans. The pressure will rise until equilibrium between tem¬ 
perature and pressure is re-established. 

Condensation. — By definition, condensation is: The change 
of state of a substance from the gaseous to the liquid form. 
Fig. 74. 

Oues. What is the liquid called? 

Ans. The condensate. 



Fig. 74 — The condensation of steam. If water be boiled in a flask A, and the steam thus 
produced led off through pipe C, having a coiled section surrounded by cold water, it 
will here be cooled below the boiling point, and will therefore condense, the condetisatt 
passing out into the receptacle B, as water. The cooling or “circulating” water enters thj 
condenser at the lowest point D, and leaves at the highest point E. 


1 
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Ques. What causes condensation? 

Ans. A reduction in temperature of the steam below that 
corresponding to its pressure. 


Oues. What happens when steam condenses? 

Ans. The water from which the steam was originally formed 
contained mechanically mixed with it 1/20 or 5% of its volume 



the boiling ^int by diminishing the pressure. If cold water be noured 
and water, the temperature inside the flask will fall rapidly 

and some of the steam therein will condense, thus lowering the pressure The rednefir^M 
the*^*^^^ between pressure and temperature with result that 

nrLure "" equ.l.bnum is again eatablishM b;tw«.n temillrrture and 


of air (at atmospheric pressure); this air is liberated during 
vaporization and does not re-combine with the condensate. 
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Properties of Saturated Steam 


Condensed from Marks and Davis* Steam Tables and Diagrams, 1909 by 
permission of the publishers, Longmans, Green & Co. ' * ^ 


Vacuum, Inches of 
Mercury. 

Absolute Pressure, 
Lbs. per Sq. In. 

Temperature, 

Fahrenheit. 

Total Heat , 

above 32® F 

Latent Heat. La 

H—A Heat-Units. 

.2 

^ 1 

r 

Weight of 1 Cu. Ft. 

Steam, Lb. 

Entropy of the 

Water. 

Entropy of Evapo¬ 

ration. 

In the Water 

A 

Heat-Units. 

In the Steam 

H 

Heat-Units. 

29.74 

0.0886 

32 

0.00 

1073.4 

1073.4 

3294 

0.000304 

0.0000 

2.1832 

29 67 

0.1217 

40 

8.05 

1076.9 

1068.9 

2438 

0.000410 

0.0162 

2.1394 

29.56 

0 1780 

50 

18.08 

1081.4 

1063.3 

1702 

0.000587 

0.0361 

2.0865 

29.40 

0.2562 

60 

28.08 

1085.9 

1057.8 

1208 

0.000828 

0.0555 

2.0358 

29 18 

0.3626 

70 

38.06 

1090.3 

1052.3 

871 

0.001148 

0.0745 

1.9868 

28.89 

0.505 

80 

48.03 

1094.8 

1046.7 

636.8 

0.001570 

0.0932 

1.9398 

28.50 

0.696 

90 

58.00 

1099.2 

1041.2 

469.3 

0.002131 

0.1114 

1.8944 

28.00 

0.246 

100 

67.97 

1103.6 

1035.6 

350.8 

0.002851 

0.1295 

1.8505 

27.88 

1 

101.83 

69.8 

.1104.4 

1034.6 

333.0 

0.00300 

0.1327 

I.842T 

25.85 

2 

126.15 

94.0 

1115.0 

1021.0 

173.5 

0.00576 

0.1749 

1.7431 

23.81 

3 

141.52 

109.4 

1121.6 

1012.3 

118.5 

0.00845 

0.2008 

1.6840 

21.78 

4 

153.01 

120.9 

1126.5 

1005.7 

90.5 

0.01107 

0.2198 

1.6416 

19.74 

5 

162.28 

130.1 

1130.5 

1000.3 

73.33 

0.01364 

0.2348 

1.6084 

17.70 

6 

170.06 

137.9 

1133.7 

995.8 

61.89 

0.01616 

0.2471 

1.5814 

15.67 

7 

176.85 

144.7 

1136.5 

991.8 

53.56 

0.01867 

0.2579 

1.5582 

13.63 

8 

182.86 

150.8 

1139.0 

988.2 

47.27 

0.02115 

0.2673 

1.5380 

11.60 

9 

188.27 

156.2 

1141.1 

985.0 

42.36 

0.02361 

0.2756 

1.5202 

9.56 

10 

193.22 

161.1 

1143.1 

982.0 

38.38 

0.02606 

0.2832 

1.5042 

7.52 

11 

197.75 

165.7 

1144.9 

979.2 

35.10 

0.02849 

0.2902 

1.4895 

5.49 

12 

201.96 

169.9 

1146.5 

976.6 

32.36 

0.03090 

0.2967 

1.4760 

3.45 

13 

205.87 

173.8 

1148.0 

974.2 

30.03 

0.03330 

0 3025 

1.4639 

1.42 

IVv.. 

14 

209.55 

177.5 

1149.4 

971.9 

28.02 

0.03569 

0.3081 

1.4523 

lbs. 

gauge 

14.70 

212 

180.0 

1150.4 

970.4 

26.79 

0.03732 

0.3118 

1.4447 

0.3 

15 

213.0 

181.0 

1150.7 

969.7 

26.27 

0.03806 

0.3133 

1.4416 

1.3 

16 

216.3 

184.4 

1152.0 

967.6 

24.79 

0.04042 

0.3183 

1.4311 

2.3 

17 

219.4 

187.5 

1153.1 

965.6 

23.38 

0.04277 

0.3229 

1.4215 

3.3 

18 

222.4 

190.5 

1154.2 

963.7 

22.16 

0.04512 

0.3273 

1.4127 

4.3 

19 

225.2 

193.4 

1155.2 

961.8 

21.07 

0.04746 

0.3315 

1.4045 

5.3 

20 

228.0 

196.1 

1156.2 

960.0 

20.08 

0.04980 

0.3355 

1.3965 

6.3 

21 

230.6 

198.8 

1157.1 

958.3 

19.18 

0.05213 

0.3393 

1.3887 

7.3 

22 

233.1 

201.3 

1158.0 

956.7 

18.37 

0.05445 

0.3430 

1.3811 

8.3 

23 

235.5 

203.8 

1158.8 

955.1 

17.62 

0.05676 

0.34^ 

1.3739 

9.3 

24 

237.8 

206.1 

1159.6 

953.5 

16.93 

0.05907 

0.3499 

1.3670 

10.3 

25 

240.1 

1208.4 

1160.4 

952.0 

16.30 

0.0614 

0.3532 

1.3604 

11.3 

26 

242.2 

210.6 

1161.2 

950.6 

15.72 

0.0636 

0.3564 

1.3542 

12.3 

27 

244.4 

212.7 

1161.9 

949.2 

15.18 

0.0659 

0.3594 

1.3483 
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Properties of Saturated Continued 


u 

u 

V 

Sjs 

Absolute Preaeure, 
Lba. per sq. b. 

Tempertture, 

Fahrenheit. 

Total Meat 
above 32® F 

bI 

Volume, Cu. Ft. in j 

1 Lb. of Steam. 

- ,— < 

< 

Weight of 1 Cu. Ft. 

Steam, Lb; 

- 5 

Entropy of the 

Water. 

Entropy of Evapo* 

ration. 

■2 «• 
0 ’3 

^ i 

^ X 

1 I 

5 2 

- i-l;3 

si 

r 

13.3 

14.3 

15.3 

16.3 

17.3 

18.3 

19.3 

20.3 

21.3 

22.3 

23.3 

24.3 

25.3 

26.3 

27.3 

28.3 

29.3 

30.3 

31.3 
02.3 

33.3 

34.3 

35.3 

36.3 

37.3 

38.3 

39.3 

40.3 

41.3 

42.3 

43.3 

14.3 

45.3 

46.3 

47.3 

48.3 

49.3 

50.3 

51.3 

52.3 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

246.4 

248.4 
250.3 

252.2 

254.1 

255.8 

257.6 

259.3 
261.0 

262.6 

264.2 

265.8 

267.3 

268.7 
270.2 

271.7 

273.1 

274.5 
,275.8 

277.2 

278.5 

279.8 

a281.0 

282:3 

283.5 
284.7 

285.9 

287.1 

288.2 

289.4 

290.5 

291.6 

292.7 

293.8 

294.9 

295.9 
297.0 
298.0 
299.0 
300.0 

214.8 

216.8 
218.8 

220.7 
222.6 

224.4 
226.2 

227.9 
229.6 

231.3 

232.9 

234.5 

236.1 

237.6 

239.1 
240.5 
242.0 

243.4 

244.8 

246.1 

247.5 

248.8 

250.1 

251.4 

252.6 

253.9 

255.1 
256.3 

257.5 

258.7 

259.8 
261.0 

262.1 

263.2 

264.3 

265.4 

266.4 

267.5 

268.5 

269.6 

1162.6 

1163.2 
1163.9 

1164.5 

1165.1 

1165.7 

1166.3 

1166.8 

1167.3 

1167.8 

1168.4 

1168.9 

1169.4 
1169.8 

1170.3 

1170.7 

1171.2 

1171.6 
1172.0 

1172.4 

1172.8 

1173.2 

1173.6 
1174.0 

1174.3 

1174.7 
1175.0 

1175.4 

1175.7 
1176.0 

1176.4 

1176.7 
1177,0 
1177.3 
1177.6 
117?. 9 
1178.2 

1178.5 

1178.8 
1179.0 

947.8 

946.4 

945.1 

943.8 

942.5 

941.3 

940.1 

938.9 
937.7 

936.6 
935.5 

934.4 
933.3 

932.2 

931.2 

930.2 

929.2 

928.2 

927.2 

926.3 

925.3 

924.4 

923.5 

922.6 

921.7 

920.8 

919.9 
919.0 

918.2 

917.4 

916.5 
915*7 

914.9 

914.1 

913.3 

912.5 
911.8 
911.0 

910.2 

909.5 

14.67 
14.19 

13.74 
13.32 
12.93 

12.57 
12.22 
11 89 

11.58 
11.29 
11.01 

10.74 
10.49 
10.25 
10.02 
9.80 
9.59 

9.39 

9.20 
9.02 

8.84 

8.67 

8.51 
8.35 

8.20 
8.05 
7.91 ( 
7.78 ( 

7.65 ( 

7.52 ( 

7.40 ( 
7.28 ( 
7.17 ( 
7.06 ( 
6.95 C 

6.85 C 
6.75 C 

6.65 C 
6.56 C 
6.47 0 

0.0682 

0.0705 

0.0728 

0.0751 

0.0773 

0.0795 

0.0818 

0.0841 

0.0863 

0.0886 

0.0908 

0.0931 

0.0953 

0.0976 

0.0998 

0.1020 

0.1043 

0.1065 

0.1087 

0.1109 

0.1131 

0.1153 

0.1175 

0.1197 

0:1219 

0.1241 

0.1263 

3.1285 

3.1307 

3.1329 

3.1350 

3.1372 

3.1394 

3.1416 

3.1438 

3.1460 

3.1482 

1.1503 

1.1525 

1.1.547 

0.3623 

0.3652 

0.3680 

0.3707 

0.3733 

0.3759 

0.3784 

0.3808 

0.3832 

0.3855 

0.3877 

0.3899 

0.3920 

0.3941 

0.3962 

0.3982 

0.4002 

0.4021 

0.4040 

0,4059 

0.4077 

0.4095 

0.4113 

0.4130 

0.4147 

0.4164 

0.4180 

0.4196 

0.4212 

0.4227 

0.4242 

0.4257 

0.4^2 

0.4287 

0.4302 

0.4316 

0.4330 

0.4344 

0.4358 

0.4371 

1.3425 

1.3367 

1.3311 

1.3257 

1.3205 

1.3155 

1.3107 

1.3060 

1.3014 

1.2969 

1.2925 

1.2882 

1.2841 

1.2800 

1.2759 

1.2720 

1.2681 

1.2644 

1..2607 

1.2571 

1.2536 

1.2502 

1.2468 

1.2435 

1.2402 

1.2370 

1.2339 

1.2309 

1.2278 

1.2248 

1.2218 

1.2189 

1.2160 

1 2132 
1.2104 
1.2077 
1.2050 
1.2024 
1.1998 
1.1972 
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Oues. What is the result of this peculiar behavior of the 
air? 

Ans. Trouble is experienced in heating systems to get the 
air out and keep it out. 

Ques. What does this necessitate? 

Ans. Air valves in steam heating systems. 

How to Use the Steam Tables.—The various properties of 
saturated steam are usually presented in tabulated form for 
convenience in making calculations. The values of the properties ; 
of steam here given are condensed from Marks and Davis steam 
tables. 

In the first column is given the gauge pressure, and in the second, the 
absolute pressure. The second column, then, is made up by adding 14. i 
lbs. to the pressures given in the first column. Before using a steam table, 
the difference between gauge and absolute pressure should be thoroughly!, 
understood. The other columns are plainly labeled. i 

Oues. What is the trouble with most engineers, students or ; 
non-descripts who think they understand the Steam Tables? 

Ans. They don’t. 

Factors of Evaporation.—It takes more coal to generate 
steam at high pressure than at low pressures, and accordingly 
in the rating of steam boilers some standard of evaporation must 
be adopted in order to obtain a true measure of performance. 

Ques. Define the temx "factor of evaporation.'* 

Ans. A factor of evaporation is a quantity which when tnuUt- 
'plied by the amount of steam generated at a given pressure front 
water at a given temperature, gives the equivalent evaporation from 
and at Z12° Fahr 
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This involves two items. 

1 Temperature of the feed water; 

2 V Pressure at which the steam is generated. 


With respect to the first item, it must be evident that xftore ooa^.would 
he used in generating steam if the fefed water were supplied at a low^em- 
perature, say 60°.F, than at a higher temperature, say 150° F. and no 
comparison of the performance of two boilers working under these con¬ 
ditions could be obtained, unless a factor were introduced in the calculation 
to allow for the difference in temperature of the feed water. The reason 
more heat is required as the pressure of the steam is raised may be less 
apparent. 


„ ^ latent heat at generated pressure 

Factor of evaporation = ————^—: - 

latent heat at atmospheric pressure 


Expressed as a formula: 


H^k 

H'-h' 


( 1 ) 


in which F e= Factor of Evaporation. 

H = Heat above 32° Fahr. in the steam at given pressufe. 
h =Heat above 32'^Fahr. in water at given pressure. 
i?^=Heat above 32° Fahr. in steam at atmospheric pressure. 
A" s=Heat above 32° Fahr. in water at atmospheric pressure. 


Formula (1) just given is expressed in the simplest form as 

. 

^ 970.4 . 


( 2 ) 


Here 970.4 = JFr* - A' =1150.^--180 .(see steam table) 


Example.—How many heat units are saved in heating 25 lbs. of feed 
water from 90 to 202°? 

In column 4, total heat in the water at 201.96° = 169.9 
In column 4, total heat in the water at 90° = 58.0 
Heat units saved per lb. of feed water 
Total heat units saved = 111.9X25 =2,797.5 


= 111.9 
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CHAPTER 2 


Hot Air Furnaces 


By definition, a hot air furnace is a large stove placed in the 
basement and surrounded by large air flues through which the 
heated air passes through air ducts to the various rooms of the 
building. 

Classification of Hot Air Furnaces. — To be comprehensive 
: a classification of hot air furnaces should be made from several 
points of view as: 

i 1. With respect to the method of heat distribution, 

a. Gravity. 

b. Mechanical blower. 

2. With respect to the air supply, 

a. From out doors. 

b. Recirculation. 

3. With respect to fuel, as 

a. Coal. 

b. Oil. 

c. Gas, etc. 

4. With respect to the method of firing, as 

а. Manual. 

б. Power. 
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5. With respect to the method of hot air distribution, 

tt. Through ducts. 
b. So called pipeless. 

6. With respect to the material of construction, as 

tt. Cast iron. 
b. Steel. 

7. With respect to functions performed as, 
tt. Air heating. 

b. Air heating and conditioning, etc. 

What is a gravity furnace? 

Ans. One which depends for air flow on thermal circulation, 
that is, the air flow is due to the difference in density between 
the light hot air leaving the top of the casing and the heavy 
cold air entering the bottom of the casing. 

Owes. What is essential in the design of a gravity furnace? 

Ans- Because of the weak motive force, the furnace must 
have relative large areas for free circulation within the furnace 
casing. 

The usual practice is to provide 50% free air area. 

What types of gravity furnaces are used? 

An8« They are available in designs suitable for central heat¬ 
ing, so called pipeless furnace, or unit floor furnace installations. 

W^hat is sometimes provided to accelerate the cir¬ 
culation of gravity furnaces? 

An8« Booster fans are sometimes used. 

What should be provided when boosters are used? 

Ans. Baffling must be installed to restrict the air flow and 
direct it against the heating surface. 
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____ Hot Air Furnaces 

Ques. What is a mechanical furnace? 

Ans. One provided with a blower for forced circulation, form¬ 
ing an integral part of the unit; air filters are also usually 
provided. 


Ques. What kind of blowers are used? 

Ans. Centrifugal fans. 

Ones. What are the two general types of cast iron furnaces? 



Ans. The multi-sectional type and those with single com¬ 
bustion chambers having auxiliary secondary surface. 

Oues. For what capacities are cast iron furnaces made? 

Ans. The capacities range from small units to 40,000 B t u 
per hour up to as large as 600,000 B.t.u. per hour. 

Oues. What is the usual thickness of cast iron furnaces? 
Ans. The minimum thickness is inch. 
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Ques. What is the result of this mass of metal? 

Ans. Because of this mass of metal they usually have a cor¬ 
respondingly large heat capacity giving a ''fly wheel'' or carry¬ 
ing over heating effect. 

I Steel Furnaces. —In steel furnace design formed sheet con- 

I struction is frequently used. 

I 

I Ques. How is the formed metal joined? 

Ans. Welding, riveting or both are used to join the formed 
' metal. 

Ques. What may be said about the use of steel castings? 

Ans. The use of steel castings is rare, because of the cost 
and because high stresses are not encountered in normal 
furnace construction. 

Ques. What is perhaps the most common type of design? 

Ans. The most common type consists of a drum and circum¬ 
ferential or rear radiator. 

Ques. What is the range of capacities of steel furnaces? 

Ans. They range from those for small insulated residence 
application with inputs of 40,000 B.t,u. per hour to capacities 
as large as 600,000 B.t.u. 

Ques. What are the characteristics of steel furnaces? 

Ans. Because of their low mass and low heat capacities steel 
furnaces deliver heat rapidly on demand. 

Rating of Hot Air Furnaces. —^According to the American 
Society of Heating and Ventilating Engineers: "Warm air 
furnaces are generally rated in B.Lu, per hour output at the 
bonnet (point of heat generation) or at the register (point of 
heat delivery). 
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Equations for Gravity Warm Air Furnaces. — 
Until a method of testing and rating gravity warm air furnaces 
has been developed, the following empirical rating equations 
are recommended by the National Warm Air Heating and Air 
Conditioning Association. 

Gravity warm air furnaces of conventional design, having 
ratios (of heating surface to grate area) of 15 to 1 or greater, 
and having a ratio of casing area to face area not less than 0.4,' 
are rated by the following equations: 



a. Hand-fired furnaces converted to stoker, gas or oil firing. 
Bonnet capacity in per hour = 1785X8X1.333 ( 2 ) 

: b. Hand fired furnaces, with ratios of heating surface to 
fgrate area greater than 15 to 1 and less than 25 to 1. 

Bonnet capacity in B.I.m. per hour = 1785X8X1.333 (3) 
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c. Hand fired furnaces with ratios of heating surface to 
grate area in excess of 25 to 1. 

Bonnet capacity in BJ.u. per hour = 1785x25XGX 1.333.(4) 

where 

S = heating surface, in square feet. 

G = actual grate area, in square feet. 

The Register Delivery Rating is equal to 0.75 X (Bonnet 
capacity). The Leader Pipe Rating in square inches, formerly 
used as a rating unit, may be found by dividing the Register 
Delivery Rating by 136. 

Heating Surface and Grate Area. — Prime heating surface 
is defined as surface above the top of the grate having hot 
gases or live fuel on one side and circulating air over the other, 
and in all cases is measured on the exterior or air side. The 
areas of the outer casing, the inner liner, and any radiation 
shields shall not be considered as heating surface. 

In determining the amount of heating surface, extended sur¬ 
faces are considered to be prime heating surface subject to the 
following limitations: 

a. Extended heating surface may consist of fins, ribs, webs, lugs, or 
other projections from the prime heating surface. Projections less than 
34 in. thick at the base and extending more than 1 in. from the prime 
surface are classified as fins. 

b. Integral fins are continuously welded to, or cast as a part of, the 
prime heating surface. Both sides are included as heating surface. 

Grate area is defined and treated for purpose of rating as 
follows: 

a. The nominal grate area is defined as the total cross-sectional area 
of the bottom of the firepot. In steel furnaces the nominal grate area is 
the cross-sectional area inside the firebrick lining. 
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b. The aetual grate area, used for calculating the ratios of heating sur¬ 
face to grate area, is the nominal grate area minus certain areas that 
cannot be considered as part of the grate itself. The following rules 
govern these deductions: 1. If a solid, continuous ledge extend around 
the grate and inside the fire pot, any area of this ledge extending inside 
of a circle, the diameter of which is 1 in. less than the diameter of the 
bottom of the fire pot, shall be deducted. 2. If separate, solid projections 
extend from the fire pot toward the pate, the areas of any portions of 
these projections extending inside a circle, the diameter of which is 3 in. 
less than the diameter of the bottom of the fire pot, shall be deducted. 
3. In the case of grates which are inclined, or are conical, the projected 
area is the same as the nominal grate area. The latter should, therefore, 
be used after making any necessary deductions. 

Furnace Efficiencies. — Rating formulae of the National 
Warm Air Heating and Air Conditioning Association are based 
on 55% efficiency for gravity coal furnaces and 65% efficiency 
of forced air coal furnaces. In the tentative Oil Testing Code 
the contemplated minimum efficiency is 70% for oil fired forced 
air furnaces. 









House Heating Boilers 


65 


CHAPTER 3 

House Heating Boilers 

Owes. What are the two general classes of house heating 
boilers? 

Ans. Cast iron and steel tubular boilers. 

Classification. — House heating boilers may be classed in 
various ways as: 

1. With respect to the material of constructioii, 

а. Cast iron. 

б. Steel. 

2. With respect to position, as 

а. Vertical. 

б. Horizontal. 

3. With respect to construction, 

а. Sectional (cast iron) horizontal. 

б. Pancake (cast iron) vertical. 

4. With respect to the travel of the gases, 

а. One pass. 

б, Two pass. 

c. Three pass, etc. 
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5. r6sp6ct to tho tubular boating surfaco on vortical 
boilors. 

a. Through tube. 

h. Submerged tube. 

6. With rospoct to tho division of tho hot gasos, as 

a. Mono. 

b. Small. 

c. Multi. 

7. With rospoct to tho longth of travol of tho hot gases, as 

a. Short pass. 

b. Long pass. 

8. With respect to the characteristic of the heating surface 

as; ’ 

a. Tubular. 

b. Coil. 

c. Flue. 

Evidently considering the multiplicity of types on the market, 
additional classifications could be given, but the foregoing 
cover the usual types generally met with. 


Cast Iron Boilers.—In the opinion of the author cast iron 
IS not a suitable material for boilers; even for the low pressure 
house heating boilers, and the sooner manufacturers stop mak¬ 
ing them, the better it will be for a long snjfering public. 


Aside from strength to resist internal or steam pressure, the specific 
heat of cast iron is .1298 as compared with .1138 for wrought iron That 
IS to say wrought iron is .1298-1-.1138 more efficient than cast iron in 
transmitting heat to the water by conduction. Aside from this, multi- 
division of the heating surface cannot be obtained without a complicated 
casting, with chance of thin metal and resulting weak spots. 
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Ques. What can be said about the early cast iron sectional 
house heating boilers? 

Ans. No good. 

Ques. Why? 

Ans. Where is the heating surface — get a microscope! 


Ques. What do they mean by '‘heating surface'' unqualified? 
Ans. Nothing, unless you know what they are talking about. 



Figs. 1 to 4— Effect of inadequate heating surface in house heating boilers. Note propor¬ 
tions of heating surface. When the burners are lit (assuming equal flames) it will be 
noticed that only a very small portion of the flame will touch the bottom of kettle No. 1. 
more will come in contact with No. 2, still more with No. 3, and all with No. 4. The result 
is that No. 4 will begin to boil first, No. 3 next, then No. 2, and last No. 1 Rvidentlv 
it takes less fuel to heat No. 4 than any of the others, the waste being about m the pro¬ 
portion indicated by the arrows. The same thing happens in some house heating 
boilers. 

Oues. What should be stated? 

Ans. The total amount of heating surface provided per sq. 
ft. of grate area, and its arrangement. With this information, 
the purchaser would be more enlightened. 

Ques. What do you mean by the arrangement of the heating 
surface? 

Ans. The ratio of the diameter of each passage to its length, 
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also its contour, straight or curved, cross sectional shape, 
number of passes, etc. 

Even a greenhorn can see that a passage big enough to get your head 
in and only a foot or so long as in some cast iron boilers is ridiculous 
from a thermal point of view. Aside from the lack of heating surface. 



MONO DIVISION 


SMALL DIVISION 




Figs. 5 to 7—Division of the heating surface. What 
could be more ridiculous than the contraptions 
shown in figs. 5 and 6. When the gases are split up 
into multi-divisions as in fig. 7, there is some chance 
for the absorption of heat from the fuel instead of 
heating the stack red hot. The author’s design for 
a vertical tubular boiler with 25 to 1 heating surface 
and the Graham separator, collector and dryer is 
shown on page 74. These devices permit carrying 
the water level almost up to the upper crown sheet, 
thus protecting the tubes and rendering the tubular 
heating surface more efficient. 
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the short circuiting of the hot gases in traversing sharp turns reduces the 
efficiency of the ridiculously small amount of heating surface provided, to 
say nothing of the difficulty of cleaning the inaccessible portions of the 
heating surface. 

Ques. When they state the heating surface of a vertical 
boiler, what do they mean? 

Ans. Nothing, unless they say it is the old or total heating 
surface, or the “Code” heating surface. 


Ques. What is the criticism of the Code heating surface? 



Figs. 8 to 10—The eflficiency of the heating surface does not depend upon the length of 
travel alone, but upon the ratio of the cross s^tional area of the passage to its length 
and the arrangement or disposition of the heating surface with respect to the hot gases. 
Even a greenhorn can see that the mono division in fig. 8 must have (for equal efficiency) 
much longer travel than the lengths shown in figs. 9 and 10. 
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Ans. They are trying to define something as constant which 
is anything but constant, in fact it is variable, very variable. 

In the first place practically no two designs of vertical boilers are built 
having the same percentage of tube surface above the water line. The 
water line is continually varying between lower and upper gauge cocks, 
especially with the usual careless greenhorn attendance. 


Owes. State another objection to the Code heating surface. 



Figs II and 12—Characteristics of short and long pass boilers. For a given travel of the 
bot gases the shorter the passes the greater the number of turns where short circuiting 
occurs hence the greater the pro^rtion of the heating surface rendered inefficient 
Accordmgly for equal travel, a few long passes are more efficient than many short passes. 


Ans. The elevation of the gauge cocks is largely a matter of 
the personal equation. That is, it is fixed by the judgment of 
the designer, whose judgment is influenced by the service for 
which the boiler is designed. 

For instance, the author’s marine boiler (see page 116 the author’s 
book, Audels Power Plant Engineers Guide, also page 74 this book for 
home heating service) is designed for extremely abnormal high water 
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possible only by the Graham internal separator, collector 
and dryer and the limit of submergence for saturated steam output can¬ 
not be determined except by tests with various loads. 

Oues. What is the usual construction of a vertical cast iron 
sectional, boiler? 

Ans. It comprises a base section containing the grate, a 
fire pot with space all around for the water, and piled up on 


dome:- 



PAN CAKE 


EIRE POT 


BASE 


^ A very waK‘lty“S^ *’'‘e"or appearance and fixturea 

top of this is one (usually one) or more intermediate sections 
called “pan cakes” and a top or dome. 

Oues. How can the efficiency of this type of boiler be in- 
creased? 

Ans. By piling on (plenty) more intermediate sections in¬ 
creasing the heating surface in amount depending upon the 
number of sections that is, “pan cakes” piled on.* 

^ ■'NOTE.—The author just received a letter from P. E. Chapman of St. I.ouis Mo 
hoted engineer, stating that he piled on five pan calces on his home boiler. Why ? Use brains] 
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Ques. What is the usual difficulty encountered? 

Ans. There is not enough vertical room in the basement to 
pile on enough intermediate sections for economical operation 
without excavating. 

Ques. What are the three classes of vertical cast iron boilers, 
classed with respect to number of intermediate sections? 

Ans. Low, medium and high. 



I) 

III 


Fig. 14 —The principal reason why the tenants get no hot water. It’s not the fault of 
the manufacturer, he simply builds what the public is willing to pay for and does 
not worry about the coal bills. 


Ques. How much heating surface should be provided in a 
house heating boiler? 

Ans. The author has always maintained that the proportion 
should be 25; 1, that is, 25 sq. ft. of heating surface for each; 
sq. ft. of grate area. 

With respect to efficiency, the following tests as given in one manu¬ 
facturers’ catalogue for cast iron vertical boilers all having the same 




































House Heating Boilers 73 


E size grate but with different numbers of “pan cakes”, speaks for itself 
i and also for the author’s ideas as to grate heating surface ratios, and 
eloquently supports the author’s views on the subject of heating 
j surface. ^ 

Since the number of sections as listed in the table includes the top or 
. dome; note that boiler 0, had no intermediate sections. It will be notetl 
, that the evaporation in this boiler was only 7.5 pounds per pound of coal, 
and that even with the rate of combustion increased with the addition of 
: intermediate sections, the evaporation increased from 7.5 to 9 pounds. 
It IS simply a question of whether the purchaser prefers a cheap boiler 
with a big coal bill, or an expensive boiler and small coal bill~that is 
for him to decide; don’t forget with a cheap boiler the coal bills go on 
and on. 


Steam Heating Boiler Tests 


Number 

of 

I boiler 

Fuel ' 
anthracite 
pounds per 
square foot 
• of grate 

Area 

of 

grate 

square 

feet 

—X 

Number 

of 

sections 

including 

dome. 

Steam 
produced 
per pound 
of 
coal 

8 hour 
rating 
square feet 

0 

1 

iy2 

2 

4.39 

5.12 

5.28 

5.44 

1.23 

1.23 

1.23 

1.23 

1 

2 

3 

4 

7.5 

8. 

8.5 

9. 

200 

250 

275 

300 


The ratio of heating surface to grate, according to Kent is given for 
low, medium, and high boilers; as 15, 20, and 25 to 1 where the rate of 
combustion is respectively 3, 4, and 5.pounds of coal per square foot of 
grate per hour as given in the following table. 

Proportions and Performance of Heating Boilers 



Low 

boiler 

Medium 

boiler 

High 

boiler 

1 square foot of grate should bum.... 

3 

4 

5 pounds coal per 
hour 

*' “ ■' develop.. 

30,000 

40,000 

50,000 B.t.u. per 

. Will require,... 

U 

20 

• hour 

25 square Jeet heah 

“ *■ '• " “ “ supply....; 

120 

160 

ing surface \ 

200 isquare feet ra¬ 
diating ‘ surface 
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Oues. What has been done to make cast iron boilers less 
wasteful of fuel. 


Ans. 


Various attempts have been made to decrease the effect} 
of short circuiting by increasing] 
the number of passes and to] 
increase heating surface by fins, | 
corrugations, pins cast integral, ] 
ribs and what not. 


BAFFLE PLATE 
DRYER 



Oues. What does this vir-| 
tually amount to, and what is| 
the objection? 

Ans. It is simply an attempt] 
to increase inadequate heatingj 
surface and to slow down the] 
speed of the hot gases traversing] 
the surface, but the fins, corru4 
gations, pins, etc., make anj 
excellent entanglement for the] 
lodgment of soot, renderingj 
cleaning more difficult and con-f 
duction less efficient. 


Fj<;. 15—The Graham vertical tubular boiler designed for efticiency second to nom, 
Note 1, the tall combustion chamber for radiant heat; 2, the 25 to 1 tubular heatini 
surface; 3, the abnormally high water level made possible only with the Grahfd 
separator, collector and dryer. No 830° Fahr. stack temperature or red hot stac^ 
with this boiler—do you want to spend the money first cost or pay augmented coi 
bills. In the design of this boiler, the tube ratio, that is length of tube -i- diameter t 
tube should be not less than 36 to 1. For instance, for 1 inch tubes the length should be 3 
inches (minimum). No long winded argument should necessary to convince the m« 
st ubborn, that these tubes are proportioned to transmit heat to the water instead of to th 
chimney. Moreover no spiral centrifugal baffles on other <iuestionable contraptions ar| 
necessary to cheat the chimney. 
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Oues. Why should there be plenty of heating surface? 

Ans. 1. To obtain high efficiency under normal operation: 
2, to permit forcing in extreme cold weather without material 
loss of efficiency; 3, to obtain quicker response especially in 
starting the fire — think this over, 

Oues. How is multi-division of the gases best obtained? 
Ans. By means of tubular heating surface. 



Fig. 16 SecUonal cast iron heating boiler designed to secure adequate heating surface, 
feature sadly lacking in some cast iron heating boilers. 


Oues. What should be especially considered in the selection 
of a heating boiler? 

Ans. The amount and arrangement of the heating surface, 
size of combustion chamber and grate area. 

Oues. How about manufacturer's rating? 
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Ans. The ratings of heating boilers as given in manufacturers 
catalogues may as a rule, be safely accepted, but the efficiency 
of the apparatus should be looked into — especially should any 
claims made by high pressure salesmen be guaranteed by the 
manufacturer. 

In general when it comes, not only to boilers, but any other article on 
the market, no attention should be paid to salesmen’s hot air talk — some 
of them, especially real estate agents, can deliver hot air talk faster than 
a horse can trot. In other words, get the facts from someone who knows 
and IS not interested in the sale. 



welded steel heating boiler for either steam or hot water. Note the 
efficSn^T* tubes giving muIti-division of the hot gases which is a prime condition for 
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Oues. How should the passages through which the hot gases 
traverse the heating surface be arranged? 

Ans. They should be arranged so that they have the proper 
length of travel (guided in some cases by baffles) and come in 
contact with all the heating surface, that is, short circuiting 
should be avoided. 

Oues. Upon what does the proper length of travel depend? 

Ans. Upon the arrangement of the heating surface. 

Oues. Name three arrangements of the heating surface. 

Ans. 1. Non-division; 2, small division; 3, multi-division 
Figs. 8 to 10. 

Oues. What is the requirement for equal efficiency? 

Ans. The less the division of the gases, the longer must be 
the travel of the gases. 
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CHAPTER 4 


Heating Systems 

Very many methods have been tried for heating buildings. 
Each has its own characteristics and many of these are more 
or less objectionable and yet they are still in use. The more ob¬ 
jectionable of these surviving because of locality and purse, or 
rather lack of purse. 

These various methods may be classified: 

1. With respect to the medium which conveys the heat, as: 

a. Air. 

b. Steam. 

c. Water. 

d. Electricity. 

2. With respect to the fuel used as: 

a. Wood. 

b. Coal. 

c. Oil 

d. Gas. 

3. With respect to the nature of the heat applied as: 

«. Exhaust steam. 

b. Exhaust gases from internal combustion engines. 
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4. With respect to efficiency and desirability as: 

b. Stoves. 

c. Hot air furnaces. 

d. Steam. 

e. Hot water. 

f. Electric (under special conditions). 

The list just given gives special classifications, there being 
numerous types under each. The great variety of systems are 
due to the different conditions met with in practice. 

Oues. What may be said of fire places? 

Ans. They represent the oldest and most inefficient method 
of heating. Although when you stand in front of a fire place 
with a “roaring fire” in it, you roast on one side and freeze on 
the other. The only advantage a fire place possesses, is its action 
in ventilating a room and cheerfulness that an open fire place 
affords. Aside from this, the radiant flame is hard on the eyes. 
However, the only fire place worthy of the name is the heat 
transfer type shown in fig. 7, page 92. 

Oues. What criticism may be applied to most open fire 
places? 

Ans. Too Scotch as to size, being entirely too small for 
properly heating a room. This does not apply to the fire places 
found in cold climate locations. 

Oues. What are the characteristics of stoves? 

Ans. They are much more efficient than fire places. 

^ For a large room or small house, where one stove will furnish all the 

heat needed, it is about the cheapest system to install, and its efficiency 
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can be increased where conditions permit a long length of stove pipe 
within the room so as to absorb a proper amount of heat from the 
escaping gases. 

Oues. Name some important objections to stoves. 

Ans. The metal of the stove is heated to a very high temper¬ 
ature which “bums up” the oxygen in the air, causing headaches 
unless adequate ventilation be maintained. Unless the dampers 
be properly manufactured, there is danger from the gases, es¬ 
pecially in sleeping rooms. Considerable attention is required to 
produce an even temperature. The handling of coal and ashes 
requires considerable cleaning and dusting. 

Oues. What heating systems are most extensively used to¬ 
day? 

Ans. Steam and hot watei. 

Oues. Why? 

Ans. They are the most efficient in fuel consumption and in 
the distribution of the heat. 
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CHAPTER 5 


; Hot Air Heating Systems 

• 

i Regardless of the present tendency to call these systems 
I Harm aiVy the author retains the term hot air; considering the 
, fact that the ordinary working temperature at the register is 
j 1^5° Fahr. — try holding your hand on a register and decide 
^ for yourself whether to call it warm or hot — that is on your own 
f register, not on a landlord's register who furnishes alleged heat. 

I — Hot or alleged warm air systems may be 

i classed: 

1. With respect to the motive force causing circulation, as: 

a. Thermal (gravity). 

b. Forced. 

2. With respect to the air supply for heating as: 

a. Recirculating. 

b. Non-recirculating (external air supply). 

I c. Combined recirculating and external air supply. 

I 

! 3. With respect to the recirculating ducts as: 

a. Two pipe. 

b. One pipe (alleged ‘‘pipeless” . 
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Motive Force for Circulation.—In any thermal hot air 
system the motive force that causes movement of the air is 
known as induced draught. This force which moves or circulates 
the air is due to that property of the air which causes a variation 
in weight per unit volume with change in temperature, that is, 
the weight per unit volume decreases or increases, with increase or 
decrease in its temperature respectively. 

In fig. 1, let the stack represent the annular casing around a hot air 
furnace. When the furnace is in operation the air inside this casing will 
be heated and expand with rise in temperature. This expansion, as will 
be seen is what causes the air to become lighter. 

Now consider 3 units, a', b', c', of cold air on the outside of the stack 
weighing 1 lb. each, also 3 equal units a, b, c, inside the stack. 

Cold unit a, as heat is applied immediately expands and becomes lighter 
increasing in volume as indicated by B and C. Evidently with say, 8 
expansions as at B the original volume a, has decreased in weight to 
Vs lb. that is, volume 6 = ^ volume B. Hence equilibrium of the column 
of air in the stack and an equal column of air outside the stack is upset. 
F^irther expansion is illustrated by volume C. Here, the original volume 
weighs only Kg lb. The result is the heavy cold air outside forces the 
light hot air up the stack. Thus, by variation of gravity causing circula¬ 
tion — hence the name gravity hot air systems. 

It will be noted that the 3 units of cold air outside (a', b', c',) weigh 
3 lbs. whereas the 3 equal units of heated air inside the stack weigh only 
lbs. 

Note in the figure the beam scale graphically showing the upset in 
equilibrium. 


Oues. With conditions as assumed in fig. 1, what is the total 
motive force causing circulation? 

Ans. 3 lb. =1% lbs. 


Example. If the stack shown in fig. 1 be 20 ins. in diameter and the 
total pressure causing circulation be lbs. what is the pressure per 
sq. in. corresponding: 1, in lbs.; 2, in inches of water? 
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Sectional area of 20 in. stack is 
a = TT D2 

in which a = area. 

TT =3.1416 (1^ TT .7864) 

D = diameter. 

Substituting 

a = .7854X202 = 314.2 sq. in. 

Pressure per sq. in. = 1314.2 

= 1.81 4-314.2 =.0057 lb. 

1 ft. or 12 ins. head of water = .43302 lb. 

1 in. of water.= .43302 4 - 12 = .036 lbs. 

From which pressure per sq. in. referred to water is 
1X.0057 4-.036 = .158 in. 

Thermal or Gravity System.—This system may be defined 
as one consisting essentially of a furnace, with casing and smoke 
pipe, together with a properly designed system of heating pipes 
and outlets, known as registers, also air ducts to convey the 
unheated air to the furnace. In type, it may be either the two 
pipe or the alleged “pipeless” — one pipe system. 

Oues. Where is the furnace located? 

Ans. In the basement. 

Oues. Describe the distribution of the hot air. 

Ans. The hot air taken off from the top of sides near the 
top of the furnace casing is distributed to the various rooms of 
the building through sheet metal pipes. 

Oues. What names are given to these pipes? 

Ans. The hot air pipes in the basement are called leaders 
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and the vertical pipes which run in the inside partitions of the 
building are called stacks. 

Oues. How is the hot air finally discharged into the rooms? 
Ans. Through registers. 

These registers are set in register boxes either in the floor or an inside 
wall, usually at or near the base board. These registers are fitted with 
pivoted vanes so that the hot air may be turned “on” or “off”. 



Air Supply to Furnace.—The air supply to the furnace 
may be. taken: 1, from outside the building: 2, from inside the 
building, or 3, partly from both. This gives rise to circulating 
systems as listed in the classifications and known respectively as: 

1. Recirculating. 
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2. Non-recirculating (external supply). 

3. Combined recirculating and non-recirculating. 

Oues. What is the most economical system and why? 

Ans. The recirculating system because the same volume of| 
air is re-heated instead of heating all outdoors. Fig. 2. 

Oues. What is the objection to this method? 

EXTERNAL AIR SUPPLY^ 

REGISTER 



AIR SUPPLY PIPE- 




Ans. Since no fresh air is admitted, the air becomes stale. 

Ones. What is the advantage of the non-recirculating sys-? 
tern? 

Ans. Since the air supply comes from outdoors and is not! 
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i-e-circulated there is always fresh air coming in through the 
registers which is more healthful than “stale” air. Fig. 3. 

Ques. What is the objection? 

Ans. Of course it costs more to heat cold air from outdoors 
than warm air in the house, however, this is overbalanced by 
^he benefit of breathing fresh air. 

EXTERNAL AIR SUPPLY-^ 

REGULATOR VALVE BOX- 
REGISTER 

J 



y 


A 



J 


I 

INLI 

1 

ET 


^ method^ “ combination of both the recirculating and 

! 

i Oues. What are the features of the combination system? 
Fig. 4. 

Ans. This system is a combination of the two systems just 
lescribed, as can be seen from fig. 4. With a regulator valve or 
shutter A, in the external air supply, the amount of cold external 
lir admitted may be varied to suit conditions. Thus in very 
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cold weather when there is difficulty in getting enough heat the 
external air may be partially or entirely shut off. 

This system overcomes partly the objection to the recirculating air 
system. 

Ques. How can this system be adapted to operate as any 
one of the three systems just described? 



Ans. By placing a register type shutter at B, the entrance 
to the recirculating duct. 

Oues. How does it work? 


Ans. By closing A, the system is recirculating; by closing B, 
i(A, open) it is non-recirculating, and by opening both A and B, 
^ves the combination system. 
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i Ques. What is the wrong way of arranging the air supply? 

Ans. According to Code instructions: In no case shall air 
be supplied to any furnace from any basement or furnace room 
not occupied as living quarters. Fig. 5. The reasons must be 
; obvious, especially where garbage is stored in the basement (as 
in some non-descnpt apartments) awaiting removal. 



Stoves.—Much more efficient is a stove than a fire place for 
heating a room. For a large room or small house, where one 
stove will furnish all the heat needed, it is the cheapest and 
most economical system to install, especially if conditions per- 
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mit a long length of the stove pipe within the room, so as to 
absorb a proper amount of heat from the escaping gases.* 
Stoves, however, have several objections. The metal of the 
stove is heated to a very high tempemture which robs the air 
of its oxygen, causing headache unless adequate ventilation be 
maintained; unless the dampers be properly manipulated there 



is danger from the gases, especially in sleeping rooms; con¬ 
siderable attention is required to produce an even temperature; 
the handling of the coal and ashes requires considerable clean¬ 
ing and dusting. 


*NOTE.—^The best example of this practice that the author has seen is the installation 
in Old Tennent Church (built 1751) overlooking Monmouth Battlefield near Freehold, N. J. 
Here two pot bellied stoves heat the whole church, each having about 50 ft. of stack radiating 
heat. No doubt the escaping gases are reduced to a respectable temperature at entrance to 
chimney. They were not do stupid in thermal economics in those days as we are today with 
cast iron boilers. 
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CHAPTER 6 


Steam Heating Systems 

: Steam is a very effective (sometimes too effective) heating 

medium. In its vanous forms, steam heating is probably more 
widely used than any other system, being adapted to almost 
any type of building. 

Oues. State some advantages of steam heating. 

V ability of heating all rooms uniformly, regardless 
of their location or the direction of the wind; 2. As soon as 
I steam forms and the air is pushed out of the system, the radi¬ 
ators are quickly heated to the full working temperature; 3, 
the radiators do not have to be drained to prevent freezing in 
cold weather that is, they are not full of water like a hot 
water system, the condensate returns by gravity to boiler as 
fast as it is formed. 

Oues. State the disadvantages. 

Ans. 1. Devitalizing effect on the air due to the high tem¬ 
perature of the radiators; 2. Quick cooling when steam stops 

fnTTvnnrr ^ 


Oues. What has been done to overcome these objections? 
Ans. A multiplicity of modified systems 1 as been introduced 
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which renders steam a heating medium as satisfactory as hot 
water — and that is saying a lot. 

Classification. — There are very many steam heating sys¬ 
tems and to classify all these requires a good many headings. 

These steam heating systems may be classed : 

1. With respect to the working pressure, as 

a. High. 

h. Low (1 to 10 lbs.). 

c. Atmospheric (alleged '‘vapor”). 

d. Combined atmospheric pressure and vacuum. 

e. Vacuum. 

2. With respect to the kind of steam used, as 

а. Live. 

б. Exhaust. 

3. With respect to the number of pipes per radiator, as 

a. One pipe. 
h. Two pipe. 

4. With respect to the returns, as 

a. Dry. 

b. Wet. 

5. With respect to the application of the heat, as 

a. Direct. 
h. Indirect. 

c. 

6. With respect to the heating units, as 

tt. Radiators. 

b. Convectors (space heating). 
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7. With respect to the circulation, as 


a. One pipe 




awf/aiAic Ulip. 

common drip. 


8. With respect to the circuits, as 

a. Divided. 
h. Loop. 

c. Divided circuit. 

d. Divided circuit with loop. 

e. Two pipe, divided circuit. 

9. With respect to the alleged vapor systems as 

o. Bishop-Babcock. 
i b. Broomell. 

i c. Johnson. 

d. Moline. 

e. Monat. 

/, Richardson. 

g. Sterling. 

h. Trane. 


10. With respect to combined atmospheric and vacuum svs- 

mo oo 


terns, as 

a. Dunham. 

b. Webster. 

c. Roberts Hamilton. 

11. With respect to vacuum systems, as 

a. Natural. 

b. Mechanical. 
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12. With respect to the kind of fuel used, as 

a. Coal. 

h. Oil (automatic). 

c. Gas. 

d. Electricity. 

LOW PRESSURE STEAM SYSTEMS 

There are two principal low pressure stea,m systems, classed 
with respect to piping, as 

1. One pipe. 

2. Two pipe. 

Ques. For what type building is the one pipe system espe¬ 
cially suited? 

Ans. For installation in a long narrow building where the 
radiators are all placed along the outside wall. 

Ques. Give a comparison between the two systems. 

Ans. For ordinary work it is preferred to the two pipe sys¬ 
tem, although the latter is in favor with some fitters. The cost 
of installation is less with the one pipe system even with the 
smaller size piping used with the two pipe system. 

Ques. What precaution should be taken in installing any 
system? 

Ans. The frightful fear inherent in some people of spending a 
few extra dollars on piping large enough to serve the system. 

The result of this alleged saving in initial cost is that the operation of 
remote radiators is unsatisfactory, making it necessary to carry excess^ 
pressure in the boiler to insure proper operation. This means nothing to 
an unscrupulous contractor intent on squeezing out the last penny on a 
contract. The owner should not be tempted by low installation price, but 
should get someone not interested in the job, to check on the specified 
pipe sizes. 
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One Pipe Reverse Flow System.—This is a strictly one 
i pipe system and is called such by some writers. 

Oues. What may be said of this system? 

Ans. It is the simplest, cheapest and most unsatisfactory 
except in special applications and with properly proportioned 
piping. 

Ques. Describe the system. 

Ans. Supply mains from the boiler are inclined upward and 
connect with the radiators, there being no other piping. 

This system is easily distinguished by the absence of any wet or dry 

drip returns to the boiler. 

Ones. Why is the system called “reverse flow”? 

Ans. Because the condensate flows back through the mains 
1 in a direction reverse to that of the steam flow. 

Ones. Describe the system. 

i Ans. As shown in fig. 1, steam from the boiler flows into the 
main or mains (inclined upward) through the risers to the 
radiators at the bottom. The steam pushes the air out of the 
mains, risers and radiators and escapes through air valves 
placed at the other end of the radiators as shown. The con¬ 
densate forming in the radiators flows back to the boiler through 
the same piping, but in the opposite or reverse direction to the 
steam flow. 

■ Ones. For satisfactory operation, what precautions should 
be taken in the design of this system? 

Ans. Once and for all and make no mistake about it, there 
should be no smart penny wise skimping on pipe sizes — espe¬ 
cially the mains. 











TWO RADIATOR THREE RADIATOR 

/LOAD LOAD. 
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.___ Steam Heating Systems 

Oues. Why especially the mains? 

Ans. How do you expect condensate to flow back to the 
boiler against the onrushing steam in a long main almost hori¬ 
zontal? 

The smaller the main the greater the speed of the steam flow and the 
greater the resistance to flow of condensate. 


Oues. What inclination should be given to the mains? 



Ans. They should be inclined as much as conditions in the 
.asement will permit — this should be self evident without any 
mg winded argument. 

Oues. What happens with leaky radiator valves? 

Ans. When the valve does not close tightly steam will work 
s way into the radiator and stop the condensate coming out. 
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The result IS the radiator soon fills with water and when turned on 
again there is difficulty getting the condensate out. This produces 
gurgling, hissing and the more violent effect known as “water hammer”. 


One Pipe Under or Up Feed Non-Relief System.— This 
system is variously called under feed or up feed — the latter 
name is perhaps nearer self defining. 

M shown in fig. 3, it consists of a main or mains branching 
off from the boiler steam outlet and inclined downward, instead 
of upward in the strictly one pipe system. This arrangement, 
ca,uses the condensate in the mains to flow in the same direction 
with the steam. 

The mains connect with return pipes which carry all the 
condensate back to the boiler. Risers which feed the radiators, 
are tapped direct to the mains, and it is only in the risers that 
reverse flow of the condensate takes place, and they accordingly 
should be large enough to take care of this reveme flow without 
undue turbulance. 


Oues. Describe the operation of the system? 

Ans. Steam from the boilers flows through the main or mains 
and accruing condensate with it, the condensate returns (hence 
the name) to boiler at a much lower level as shown in fig. 3. 
After traversing the mains, steam flows through the risers 
and into the radiators. Condensation takes place in warming 
the radiators and drains through the risers and return pipes 
to boiler. 


Oues. What is the difference between a wet or sealed return 
|nd a dry return? 

, Ans. A wet return is helow the water level in the boiler 
Fhereas a dry return is above the water level, both being show-v 
in the illustration. 
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Ques. What is the advantage of a wet return? 

Ans. It seals and prevents steam at a slightly higher pressure 
entering the return. 

Oues. If a wet return be preferable to a dry return why is 
a dry return sometimes provided? 

Ans. A dry return is necessary to clear doorways or other 
openings. 

Ones. What are the disadvantages of this system? 

Ans. There are no disadvantages when the system is properly 
installed and the valves maintained in tight condition. 

In most installations these requirements are sadly lacking, resultini 
in plenty of non-inherent disadvantages, the installations being of the 
“slip-shod” order, owing to the stinginess of the owner and the greiM 
of the contractor to squeeze a few extra dollars profit out of the contract 

Oues. What are some of the installation faults? J 

Ans. Pipes always too small for the job; sharp turns; ain 
pockets; not enough pitch to the mains; air valves too few, toJ 
small and too cheap. 1 

• j 

One Pipe Under or Up Feed Relief System.—Fig. 4 shows 
this system as applied to an eight radiator installation. Con¬ 
nected to the main outlet A, are two or more branch mains AB, 
and AC, which supply the various risers. Steam is supplied t« 
each riser, the condensate draining in the riser in reverse dire^ 
tion to the steam flow. 

Ones. How does the condensation return from the risers to 
the boiler? 

Ans. It returns by gravity through drip pipes which are 
virtually continuations of the risers below the branch mains 
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and which connect with the return pipe so that the condensate 
will flow back into the boiler. 

Oues. Describe in more detail the operation of this system. 

Ans. Steam (usually at from 1 to 5 lbs. gauge pressure) 
pa^es from the boiler to mains AB and AC. These branches 
being slightly inclined, any condensate will drain into the drip 
pipes. The steam passes through the risers to the radiators, 
where its heat is radiated in warming the rooms, thus causing 
condonation. The risers being of liberal size (that is, they should 
be of liberal size) the condensate is carried by gravity in a 
direction reverse, that is, opposite to the direction of the steam 
flow, and drains down the drip pipes, and returns to the boiler 
through the low level return pipe. 

Oues. What forces the condensate into the boiler? 

Ans. The pressure due to the greater head of the column of 
condeimte in the drip pipes, as compared with the head of 
water in the boiler; also the water in the drip pipes being at a 
lower temperature than the water in the boiler is heavier which 
upsets the equilibrium of the two columns. 

Oues. Mention a characteristic feature of this and other 
heating systems. 

Ans. There is a slight difference in pressure (pressure differ¬ 
ential) in the different parts of the system due to frictional 
resistance offered by the pipe to the flow of the steam. 

Oues. What is the nature of the steam flow? 

Ans. It is variable in different parts of the system, due to 
variable condensation and badly proportioned pipe sizes, etc. 

Oues. Explain this with aid of fig. 4. 
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Fig. 4 — One pipe under or up feed relief system showing dry return at left and wet return at right. 
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Ans. If the water level in the boiler be at D, then in opera¬ 
tion with wet returns, the pressure difference will be balanced 
by the condensate standing at different levels in the different 
drip pipes, as at E and F, these levels being such that the 
difference in head and density will restore equilibrium. 

Owes. How can the effect of a wet return be obtained with 
the dry return shown at the left in fig. 4? 

Ans. By attaching a siphon to the bottom of the drip pipe. 

Oues. How does the siphon work? 

Ans. Water from the drip falls into the loop formed by the 
siphon and after it is filled, overflows into the dry return. The 
water will rise to different heights G and H, in the legs of 
siphon to balance the difference in pressure at points P and P'. 

Ones. What would happen if the siphon were omitted and 
the drip pipe connected direct to the dry return? 

Ans. There would be a tendency for the condensate in the 
dry return to back up instead of draining into the boiler, be¬ 
cause the pressure in the drip pipe at P, is greater than the 
pressure in the dry return. 

Ques. In general, how does the pressure vary? 

Ans. In general, there is a gradual reduction in pressure as 
the steam flows from the boiler to the remote parts of the system. 

Oues. What causes this? 

Ans. Frictional resistance offered by the pipe and fittings 
Fig. 5. 

Ones. When does the steam flow in the pipes? 

Ans. Only when condensation is taking place. 

Ones. When does the variation in pressure exist? 

Ans. Only when the steam is flowing in the pipes. 
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Ques. Describe in detail effects of pressure variation with 
aid of fig. 6. 

Ans. In fig. 6, when the plant is in operation with conden¬ 
sation taking place in the radiators and draining into the drip 
pipes, suppose the pressure in the boiler to be 5 lbs. gauge; in 
drip 1, 4 lbs. and in drip 2, 3 lbs. Then to balance these pressure 
differences the water will rise in drip 1 to L, 2.3 ft. above the 
water level in the boiler, because there is a pressure difference 
of 5—4 = 1 lb. and the weight of a column of water 2.3 ft. is 



Fig. 5 — Diagram showing main and return illustrating gradual reduction m pressure^ 
along the line, including effect of elbows. 

1 lb. for each sq. in. of cross section. Similarly, tor drip 2, the 
pressure difference is 2 lbs. hence the water will rise in this 
column to an elevation above the water level in the boiler = 
2.3x2 =4.6 ft. to balance the 2 lbs. pressure difference. 

Ques. Strictly speaking, when are these figures correct. 
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Ans. Only when the temperature of the water in the two drip 
pipes is the same as the temperature of the water in the boiler. 

For simplicity, the difference in weight or density of the “cold” water 
in the drips and hot water in the boiler were not considered. 

Oues. Considering this point, how would that affect the ele¬ 
vations L and F, fig. 6? 

Ans. The heavy cold water in the drips would rise to lower 
elevations than those shown at L and F. 



Oues. What is the distinguishing feature of the non-relief 
and relief system? 

Ans. The absence of returns. 

Oues. What trouble is sometimes encountered on long lines 
with radiator at end of line and near the level of the water in 
the boiler? 

Ans. On long lines where there is considerable reduction of 
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pressure, the water sometimes backs up into the radiator, as in fig. 9, interfering with 
its operation. 

Owes. How may radiators be operated at elevations below the water level in ths 
boiler? 
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Ans. By means of a steam loop. Fig. 10. 

So Called One Pipe Over or Down Feed System.—Thisi 
arrangement is well adapted for buildings two to five stories] 
high because if the radiators were fed from the bottom, the risers! 


-GOOSE NECK 


WATER LEVEL IN DROP LEG 



Fig. 10—Steam loop method of operating radiator placed below level of water in boiler^ 
In the steam loop the condenser element mav consist of a pipe radiator placed on" 
floor above boiler. The liberal condensing sur^ce thus provided will render the loop 
very active in removing the condensation and at the same time the heat radiated 
from the condenser is utilized in heating. The drop leg is provided with a drain cock 
D, and the connection to boiler, with a check valve. To start the system, turn on 
steam at the boiler and open D, until steam appears. The condensation of steam in 
the condenser (upper radiator) will ca^ a rapid circulation in the riser, carrying 
with it the condensation from the radiator, which, in passing over the goose neck, 
cannot return, but must gravitate through the upper radiator and drop leg past the 
check valve and into the boiler. The pipe at the bottom of the main riser which acti 
as a receiver for the condensate from the lower radiator, should be one or two sizes 
larger than the pipe in the main riser. 
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°?u P'*? o''«‘'*'ead feed system as instaUed in taU buildines Characteristic 
d^w^flrni;i,“H‘“‘ “‘®“” and condensate flow in the same d^3 ta^ d?op „ 
fnf« ^ however, some of the condensate which forms in the riser drains back 
into the boiler in reverse direction to the steam. arains nacjc 
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would have to be excessively large. Instead of a steam main 
encircling the basement it is carried direct to the attic, forming 
a central riser for all the radiators. The branches in the attic 
correspond to the mains in the systems already described, but 
do not carry any condensate from the radiators. These branches 
connect with the drops or down flow pipes which feed the 
radiators and drain the condensate. 



Owes. Describe the operation of the system. 

Ans. As shown in fig. 11 steam flows from the boiler up the 
central up flow pipe through the branches and down through 
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Ae drops or down (low pipes. The branches being inclined anv 
water or condensate in the steam drains into the up'C 

^ “'rough the convicting 

pipes. Condensate forming m the radiators drains throuirh these 
connecting pipes into the down flow pipes. Air valvror veSs 
are provided to rid the system of air. 


Oues. What should be noted about the system? 
pi Ans. There is no reverse flow of condensate, in the drop 


Oues. What bearing has this on the piping? 

Ans. Pipe sizes can be made smaller because with parallel 
flow steam velocities can be higher than in the one pipe syi 

NTrlyvv'vtvi. Xl__i a - ♦/ • 


XT J uj. -^ 

down pipe si^es 

too small for satisfactory working o^he rtratior®’ 


One Pipe Circuit System. Is this system the steam main 
IS earned entirely around the basement, taken off from the 
boder by an elbow at the high point as in fig. 13 ^ I 

Note that main must incline all the wav from th^ h;<rh 
point to the low point. To allow for this 
twice as much rise between high and low points as w^r the 
divided circuit system—that is where there arp twn • 
taken off from a T connection. " 


Oues What is the application of the one-pipe system’ 
mriderate sire."'^"'''''* ^ building of low or 


Oues. What should be noted about the main? 

Ans. The size of the main, since all the steam supply flows 
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Oues. What precaution should be taken in proportioning a “tapered main”? 

Ans. The amount of condensate increases from beginning to end of the main and 
near the end is considerable, depending upon the number of radiators. Due allowance 
should be made for this and too much tapering should be avoided. 
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tee as in fig. 14. These mains terminate in a U shaped drip connection LF, at the low 
point. Each should be vented with a quick vent as shown. Evidently each main takes 
care of only half the total condensate. 
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0«es. Why is this desirable? 

Ans. It is desirable for unequal loads. 

Thus there may be considerable difference between the pressure at L and each beine what is 
necessary to balance the load. 
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Fig. 15—One pipe under or up feed non-relief circuit system with loop for L shaped buildings. Note the two high p^oints. 
Although undivided drips are here shown at the end of each main, where conditions permit a common drip with U 
connection could be used, as in fig. 14. 










































































































One Pipe Circuit System with Loop.—This system is adapted to L shaped 
buildings, a circuit being used for the main building and a loop (tapped from the 
circuit) servicing the wing. Fig. 15. 

Ques. How are the mains installed for proper drainage of condensate? 

Ans. Two high points are provided; one at the beginning of the circuit and the 
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loop, etc., as will best meet the requirements of the building. Steam is supplied to the 
radiators through risers and the condensate returned through down flow or drip pipes. 

Oues. How about the cost of two pipe system? 

Ans. It is higher than for one pipe system. 

Accordingly more one pipe systems are installed than two pipe. 
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Fig. 16-^Two pipe under or up feed relief divided circuit system showing wet return with individual drips and dry return 
with siphons or loops sometimes called water seals. 
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Ques. What may be used in place of a check valve? j 

Ans. An equalizing pipe with Hartford connection or J 
Graham stabilizer loop. 1 
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CHAPTER 7 

So Called ''Vapor” 
Systems 

The term vapor as used in steam heating is just another 
misnomer which we have to put up with and which we have to 
use so the misguided lay will know what we are talking about. 

Let it be understood — no mistake, that the term vapor 
means nothing but steam at approximately atmospheric pressure. 

If manufacturers of special heating systems working at atmospheric or 
less than atmospheric pressure would stop mystifying the public with such 
studied terms as fractional control, modulation, thermo seal, vapor, syphon, 
and what not, in describing their apparatus, and get down to plain 
English, their customers would no doubt be more enlightened and more 
numerous. 

As before stated, the term vapor as used is a misnomer. The 
dictionary defines vapor as: Moisture in the air, any light cloudy 
substance in the air. Accordingly it does not mean steam at 
approximately atmospheric pressure, because real steam, that is, 
saturated steam contains no moisture — it is a dry, invisible gas. 

Ques. What is the relation of relative pressure as applied to 
the different systems? 

Ans. Low pressure steam, vapor and vacuum, as applied to 
heating are merely relative terms, the first applying to pressures 
of 1 to 6 lbs.; the second to pressures of 1 to 5 ounces, and the 
last to any pressure below atmospheric. 
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Ques. What happens in generating steam, as the steam pressure increases? 

Ans. The water level in the boiler is forced downward, which causes the level in 
the float chamber to rise until the pressure due to the difference AB (fig. 1) of water 
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Owes. What happens when the float rises? 

Ans. The float in rising, since it is connected by pulleys and 
chains to the dampers, closes the ash pit damper and opens the 
stack damper, thus checking the draught and preventing the 
further increase of steam pressure. 

Ques. In this system, why is the steam feed connected to 




Figs. 2 to 4—Operation of down flow radiator 
as used on atmospheric or vapor systems;^ 
Note that the steam floats on top of the 
air and gradually pushes the air out throughl 
the trap at the other end of the radiator. 
Its operation is described in the text. 


the top of the radiators and the air and condensate taken off 
from the bottom of the radiators? 

Ans. Because steam is lighter than air and condensate. 

Accordingly when steam is admitted it “floats” on top of the air, thus 
driving the air out through the lower connection. 
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system?’ 

«.^r; J K® by each radiator may be 

re^Iat^ by the steam valve (so called fractional control 
modulation valve and other trade names). 

.ith vij id. .p:„“Srt".h“ 

Oues. What kind of radiators are used? 

'^bich steam enters at one end 

end « 2 tottot; "■'■ ““ 

Oues. Describe the operation of the down flow radiator 
Ans. This is shown in figs. 2 to 4. Fig. 2 shows the steam 
«tenng a.r passing out through thermostatic retainer 

• Of th! ?condensate and balance 
of the air passing out through trap, the action progressing till 
s in fig. 4, the radiator is full of steam’. 

ra^atSoutTh"o'il Ihe trapiSo^h^ret^n '"^ich is in the 

Oues. What happens as the radiator warms up? 

talfriZS' ‘‘“"S “ndensation 

takes place. The condensate being heavier than steam falls to 

the bottom of the radiator and flows to the trap thre^ih 
it passes into the return piping. Fig. 3. 

Oues. What happens after forcing out the air? 

. tte’ta^ fS*™ '""densate 
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‘Ans. The trap closes because the steam is hotter than the water, this excess heat 
expands the valve control element, closing and holding the valve against its seat with 
a positive pressure, thus preventing the steam flowing into the return piping. Figs. 
5 to 8. 

OueG. Describe the further operation after the trap is closed by the hot steam. 
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So Called ''Vapor'^ Systems 


Ans. The trap when properly working adjusts itself to a 
position corresponding to the temperature of the condensate 
just as a thermometer does to the room temperature and per¬ 
mits a continuous flow of condensate from the radiator. Fig. 12. 

Ques. When steam is admitted to a radiator why does it 
remain above the air? 

Ans. Steam is lighter than air, accordingly it floats on the air. 


CONDENSATE 



r-WI DE OPEN 

^PARTIALLY OPEN 
CONTINUOUS FLOW 

OF CONDENSATE 

Fig. 12—Enlarged detail of trap showing valve in intermediate position for ideal continua¬ 
tion flow of condensate. 

Oues. What other name is given to the atmosphere or so 
called vapor system? 

Ans. It is also known as an open system. 

Oues. Why? 

Ans. Because the return line is constantly open to the at¬ 
mosphere without a check, trap or other device to prevent the ; 
return of air. See this atmospheric pipe or vent in fig. 1. 
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Fig. 13 —Typical two pipe up feed vapor system with automatic return trap. The radiators discharge their condensate 
tl^ough thermostatic traps to the dry return pipe. These systems operate at a few ounces pressure and above, but those 
with mechanical condensate return devices may operate at pressures upward of 10 lbs. per sq. in. The simplest method 
of venting the system consiste of a ^ in. pipe with a check valve opening outward. Most systems employ various forms 
of vent valves, which allow air to pass out and prevent its return. 
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So Called “Vapor” Systems 


Ques. What kind of return is provided for the air and con¬ 
densate and why? 

Ans. A dry return so that the air will easily go out the vent 
pipe. 

0«es. What erroneous name is sometimes given to the vapor 
system and why? 

Ans. They call it a closed system. When they call it that, it 
ceases to be a vapor system but the name closed system classifies 
it as a combination vapor or atmospheric pressure and vacuum 
system later described. 
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CHAPTER 8 


Combined Atmospheric Pressure 
and Vacuum Systems 


As distinguished from the “vapor” system which works at 
pressures slightly above atmospheric, the combined atmos¬ 
pheric pressure and vacuum systems work at pressures in the 
boiler at from one to five ounce gauge pressure (that is above 
atmospheric). This pressure is needed on coal burning installa¬ 
tions to operate the damper regulator. 

Ques. How is the desired vacuum in the radiators obtained? 

Ans. By “throttling” the supply steam with the tadiator 
feed valves. 

The working principle of this system is shown in the elementary 

sketch. Fig. 1. 

Ques. Describe the flow of the steam. 

Ans. In operation, when steam is raised in the boiler it 
passes through the steam main risers and supply valves to 
the radiators. 

Ques. How is the proper working of the system obtained? 

Ans. By an automatic device or trap which closes against the 
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Ques. Of what does the type trap shown consist? 

Ans. It consists of three elements: 1, diaphragm valve L; 2, float valve A; and 3, 
thermostatic valve F. 

Ques. W^hat is the object of the connection R? 











































































Oues. How is vacuum working obtained? 

Ans. The vacuum is obtained on the principle that the steam admitted to the radi¬ 
ators condenses while giving off heat through the radiator walls. This causes a tremen¬ 
dous reduction in volume of the steam remaining in the radiators, resulting in a pressure 
reduction in radiators, less than atmospheric — that is, a vcicuuifn, is formed. 
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Ques. What causes the steam to condense? 

Ans. A reduction in temperature below that corresponding to the pressure of the 
steam. 
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Ques. Explain more in detail. 

Ans. When the radiator gives off heat in heating the roon^ 
the temperature of the steam in the radiator is lowered. This 
reduction in temperature causes some of the steam to condense^ 
in amount sufficient to restore equilibrium between temperatun 
and pressure of the steam. < 


Ques. Why does the pressure fall? 

Ans. Because the temperature falls. 

If a closed flask containing steam and water be allowed to stand f( 
a length of time, the atmosphere being at a lower temperature than thj 
inside, the flask will abstract heat from the steam and water, but thi 
heat will leave the steam quicker than the water. The result is a continuoi 
condensation of the steam and re-evaporation of the water, during whi( 
process the temperature of the whole mass and the boiling point 
gradually lowered until the temperature inside of the flask is the sai 
as that outside. This process is accomplished by a gradual decrease 
pressure. Figs. 4 to 6 show effect of pressure on the boiling point. 

Ones. Describe another type of combined atmospheric pn 
sure and'vacuum system. 

Ans. A one pipe steam system may be converted into a c( 
bined system by replacing the air vent valves on the radiate 
and making the piping absolutely tight. In this conversion 
'‘compound^ ^ gauge recording both lbs. of steam and inches 
vacuum is required. Figs. 2 and 3. 
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CHAPTER 9 


Vacuum Systems 


By definition a vacuum system is one which operates with 
steam at pressures less than that of the atmosphere. 

The object of such systems is to take advantage of low work¬ 
ing temperatures of the steam at these low pressures, giving a 

mild form of heat such as is obtained with hot water heating 
systems. 

The combined atmospheric and vacuum systems described in 
the preceding chapter should not be confused with vacuum 
systems which operate at all times at pressures less than 
atmospheric. 

As defined by the American Society of Heating & Ventilating 
Enpneers, a vacuum system is: “A two pipe steam apparatus 
which will permit operating the system below atmospheric pressure 
when desired***. 


Classification.—All systems of the purely vacuum type may 
be classed in various ways as: 
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Vacuum Systems 


1. With respect to piping, as 

a. One pipe. 

b. Two pipe. 


2. With respect to the vacuum, as, 

a. Natural | 

h. Mechanical | 

c. Variable. 


mercury seal 
vacuum valve 
thermostatic valves 


ejectors 

alleged “vacuum” pumps, etc. 


3. With respect to special automatic valves used, as, 

a. Impulse. 

h. Differential, 
c. Thermostatic. 

4. With respect to special control devices, as, 

a. Central. 

b. Metering orifice. 

c. Differential. 


5. With respect to pressures in radiators and return lines, asj 

a. Vacuum. 

b. Sub-atmospheric. 

The H and V Society makes a distinction between vacuum systen™ 
and sub-atmospheric systems as follows: “The sub-atmospheric systexMl 
differ from the ordinary vacuum system in that they maintain a coiM 
trolled partial vacuum on both the supply and return sides of the systemJ 
instead of only on the return side. In the vacuum system, steam pressing 
above that of the atmosphere exists in the supply mains and radiatoisj 
practically at all times. The sub-atmospheric system, atmospheric pressure! 
or higher exists in the steam supply piping and radiators only during) 
severe weather.’^ | 

The author objects to any such definition of a vacuum system. In thel 
first place the popular conception of a vacuum system is one which] 
operates normally with pressures in the radiators below atmosphere -J 
when higher it ceases to be a vacuum system. ^ 






Vacuum Systems 

1. Natural Vacuum Systems 

^ Any standard one or two pipe steam system may be con- 
I verted into a natural vacuum system by replacing the ordinary 
^ air valve by a ''mercury seaV\ or connecting thermostatic valves 
to the radiator return outlet on radiators and providing a 
damper regulator on coal burning boilers adapted to vacuum 
working. The mercury seal system is shown in fig. 1. 

Ques. Describe the mercury seal, 

Ans. This is virtually a barometer consisting as shown in 
fig. 1, of a tube A, which dips just below the surface of mercury 
in a cup B. 

Oues. How does the system work? 

Ans. When steam is raised in the boiler to a pressure above 
^atmospheric, it drives all the air out of the system, the air 
^leaving by bubbling through the mercury in cup B. 

Ques. What happens now if the fire be allowed to go out? 

Ans. The steam will condense and produce a vacuum, pro¬ 
vided all pipe fitting has been carefully done and the valve 
^stuffing boxes are tightly packed. 

Oues. How may the system be operated at any desired 
vacuum? 

Ans. By providing the boiler with automatic draught control 
(for coal burning boiler). 

Accordingly the water may be made to boil at any desired temperature 

below 212° corresponding to the degree of vacuum. 


Oues. What is the object of the loop at C, in the illustration? 
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Ans. It prevents water being carried over into the seal pipe 
when purging the system of air. 

Qvies. If air should again enter the system, how should it be{ 
expelled? ; 

Ans. By raising the steam pressure above atmospheric. 

Ques. In very cold weather, how may the system be operated 
at pressures above atmospheric? 
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_ Vacuum Systems 

The flexibility of vacuum systems is in sharp contrast with low pressure 
, systems where steam disappears from the radiators as the temperature 
drops below 212® Fahr. 


Ones. How is the system adapted to weather demands? 
Ans. According to weather demands, the radiators may be 
kept at any temperature from say 150° to 220°. 

Figs. 2 to 4 show in detail the principle of operation of the mercury seal. 


Ques. What other method is used for maintaining a natural 
vacuum? 
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“ *‘*‘«''* “"-ponding to the 


Ans. Instead of a mercury seal the same effect may be ob¬ 
tained by the use of thermostatic valves. 


Ques. What is a thermostatic valve? 

Ans. One having an expansion element which operates to close 
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the valve when heated by hot steam and to open the valve when 
chilled by the relatively cold condensate. 

Oues. Name two kinds of thermostatic valves. 


Ans. Single unit or retainer valves and two unit or combine( 
retainer and air check valves sometimes called master ther¬ 
mostatic valves. Fig. 5. 



Fig. 5~Detail of natural vacuum system with retainer and master thermostatic valW ^ 
showing sectional views of the valves. ^ 

Ques. Describe a master thermostatic valve. j 

Ans. Fig. 5 shows in detail one of these valves, consisting h 
of a thermostatic unit and an air check. The thermostatic unit | 
has an expanding element, the air check consisting of a ground 
seat poppet check valve. That is practically air tight and wil • 


retain the vacuum within the system for a considerable time ru 
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Ques. How does the air check work? 

Ans. It operates when excess pressure is generated in the 
boiler to purge the system of air, the check at other times 
remaining closed. 

Oues. How does the thermostatic valve work? 

Ans. It remains open while the system is being purged of air 
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Oues. How does it work? 

Ans. In starting, the weight is placed on the left side of tL 
lever as shown (fig. 7). This tilts the lever (position LF) an] 
opens the damper. 

The weight is adjusted by the stop so that sufficient pressure is prcl 
duced to clear the system of air before the regulator trips to positiol 
L'F' (shown in dotted lines) and closes the damper. 


€ 


SPRING 

Sr 


StCAM MAIN 
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0 

B 

ROD 


—BOILER 


RETURN 


*^'principl°““*“’^ regulator for natural vacuum system operating on the temperah 

Owes. What happens as the pressure comes on? 

Ans. It will be noticed that the regulator is gradually closini 
and when entirely closed, the weight slides to the right an 
remains in this position until the vacuum in the system becomti 
strong enough to gradually open the damper — just enough I 
maintain a vacuum. 

Ones. How can the regulator be set by remote control? 
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Ans, In the morning the regulator may be set to open posi¬ 
tion from the floor above by the pull chain M. 

Oues. What does this do? 

Ans. It generates pressure and purges the system of any air 
which might have accumulated, and then the regulator weight 
automatically goes to the vacuum side of the regulator and 
maintains the vacuum heat until more fuel is required or further 
regulation necessary. 

Fig. 8 shows a thermostatic control or damper regulator which depends 
upon temperature changes for its operation. 

Oues. What is the principle of this thermostatic control? 
Ans. Since the temperature of steam increases with the pres¬ 
sure evidently the expansion and contraction of a rod exposed 
to the steam can be made to operate the damper. 

Oues. Describe the construction of a thermostatic regulator. 
Ans. In fig. 8, the “expansion element” or rod is fastened at 
A, in a closed cylindrical chamber through which steam from 
the boiler passes to the main. The end B, is free to move, 
passing out of the chamber through a stuffing box. The motion 
of the rod is considerably magnified by the bell crank lever, 
which is connected to the damper by a chain attached at c! 

Oues. How does it work? 

Ans. In operation, as the pressure of the steam rises, so does 
its temperature and the rod (which is made of a metal having 
a higher coeflficient of expansion than that of the cylindrical 
chamber) the end B, will move to the right, thus causing end 
C, of the lever to descend, closing the damper. 

Oues. What is the effect when the pressure falls? 
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Ans. The rod contracts and the spring which keeps the be 
end in contact with the rod causes end C, of the lever to rise 
and open the damper. 

Ones. In actual operation, what position does the lever 
assume? 

Ans. The lever will assume some intermediate position, thus 
holding the steam at some pre-determined pressure, which may 
be varied by means of the screw adjustment D. 

Ques. What is the objection to regulation by temperature! 

Ans. There is no provision for securing excess pressure to 
purge the system of air in starting. 

This must be done by hand control of the damper. 

Ques. How is this objection overcome? 

Ans. By the method of combined pressure and temperature 
regulation. 

Ques. How does it work? 

Ans. It employs pressure for starting and temperature for 
running. 
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Ones. Describe the starting operation. 

Ans. In starting, the thermostatic portion of the regulator 
is closed off from the system during which pressure is generated 
sufficient (about one pound) to purge the air from the system. 


Ones. Describe the running operation. 

Ans. After purging, the regulator automatically opens! 
valve to the thermostatic position, which then maintains the 
temperature desired, its range embracing both vacuum and 
low pressure operation. 


coi 
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2. Mechanical Vacuum Systems 

The term mechanical is here used to indicate vacuum systems 
in which an ejector, or pump is used to maintain the vacuum 
as distinguished from the natural vacuum systems already 


Oues. Describe the ejector system. 

Ans. The hook up of this system is shown in fig 9 The 
ejector, which may be operated either by steam or water is 
sterted before steam is turned on the system. Thus, after the 
air IS removed, steam will quickly fill the radiators and remain 
full of steam since the air is automatically removed as fast as 
it accumulates. 


Owes. Is the steam used for the ejector wasted? 

Ans. Not necessarily — it can be used in various ways. 


The system commonly used in exhaust heating employs an alleged or 
® the air and condensate from the 

fTlT' name vacuum pump is both ignorantly and otherwise used 

iacuum Sp^" ' “ *^‘ng as a 


Oues. Why should’nt an air pump be called a vacuum pump? 
Ans. Because no pump can “pump a vacuum”. 

Oues. What then does the pump pump? 

Ans. It pumps out most of the air (or other gas) from the 
tondenser maintaining a (partial) vacuum. 


H 


Oues. What is this vacuum ordinarily called? 
Ans. A vacuum regardless of its pressure. 
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Ones. Why does an air pump not extract all the air aiM 
obtain a perfect vacuum? 

Ans. Each stroke of the air pump piston or plunger removes 
only a certain fraction of the air, depending upon the percentage 
of clearance in the pump cylinder, resistance of valves, etcj 
hence theoretically an infinite number of strokes would 1* 
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necessary to obtain a perfect vacuum not considering resistant 
of the valves, clearance, etc. 


Ones. What should be noted about the operation of an air 
pump? 
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Ans. Condensation of steam creates the vacuum, and the air 
pump which removes the air maintains the vacuum. 


Ones. Why are air pumps piuposely called vacuum pumps, 
even by the intelligentia? 

Ans. Manufacturers for instance, who know perfectly well 
that the term vacuum pump is incorrect, frequently are forced 
to use it, even in print, because if they didn’t many of their 
customers wouldn’t know what they were talking about. 


Ones. What type of air pump is generally used? 

Ans. A “wet” air pump, that is, one which removes both 
air and condensate. 


; 0«es. Name another type of air pump. 

! Ans. The “dry” air pump, that is, one which removes only 
:■ the air. 

The essential features of a mechanical vacuum air pump system is 
snowti in fig. 10. The system here shown is of the fractional valve dis¬ 
tribution type. 


I Ques. Describe the operation of this system. 

^ ■ Ans. In operation (fig. 10) air, being heavier than steam,. 
I passes off through thermostatic retainer valves to the air pump. 

It hen the steam reaches the retainer valves they close auto- 
I raatically to prevent the steam passing into the dry return line 
, to air pump and breaking the vacuum, 
jicei 

I 


air 


Owes. How is the discharge from the air pump handled? 

Ans. It passes into a receiver where the air is allowed to- 
escape. 
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CHAPTER 10 


Exhaust Steam Heating 


The term exhaust steam heating relates to the source of the 
steam rather than to its distribution. In fact, after the exhaust 
steam enters the heating system its action is no different from 
live steam taken from a heating boiler, it being adapted to both 
low pressure and vacuum systems. 

Ones. What are the chief differences between exhaust sys¬ 
tems and those already described? 

Ans. The chief differences are the provisions for delivering 
the steam from the engine to the heating system free from oil 
and at constant pressure, and for returning the condensate to 
the high pressure boiler. 

Ques. What are the essential features of an exhaust heating 
system? 

y 

Ans. As an example, fig. 1 shows the essential features of an 
exhaust sy^stem having fractional control vacuum distribution. 

Ques. What are the necessary devices between the engine 
and inlet to the heating system? 

i Ans. They are: 1, Oil separator; 2, trap; 3, back pressure 
I valve; 4, pressure regulating valve. 


ii. 
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or 





































































































Ones. What else would be provided for best practice? 

Ans. A feed water heater should be provided both for economy and to permit 
returning the condensate and make up feed water to boiler at the proper temperature. 
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Ques. How is the condensate and air removed from the system? 

Ans. It is removed at D, by a wet air pump (as distinguished from a dry air pump 
which removes only the air). 
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Ques. Where is the condensate and air delivered? 

Ans. They are discharged into a receiver where the air passes 
off through a vent, the condensate being pumped by a feed 
pump back into the boiler after passing through a feed water 
heater. 

Oues. What loss continually takes place and what provision 
is made on account of this? 

Ans. There is a continued loss of water through various 
leaks, the feed pump inlet (alleged suction) is connected at E, 


pressure: regulating 

VALVE / 


TO BACK PRES5UREVALVE 


LIVE STEAM 
FROM BOILER 


adjustment 

WEIGHT 
(TENDS TO^ 
OPEN VALVE) 



LOW PRESSURE ‘'MAKE UP** 
STEAM TO heating SYSTEM 




OPEN TO 
ATMOSPHERE. 


DIAPHRAGM 


\ WATER 
SPRING 


STEAM 




^ ACCUMULATOR 

2—Pressure regulating valve and accumulator for maintaining a constant pressure k I 
the steam heating main of exhaust steam heating system. ' 

(fig. 1), with the supply from the street main or other source j 
the amount entering the system being controlled by the “make | 
up” valve. 

Oues. Describe the pressure regulating valve and its con-1 
nections. 

Ans. Typical construction and connections are shown in fig. 2. 
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Ques. How is the valve controlled? 

Ans. It is controlled by means of a governing pipe A (fig. 2) connecting the dia¬ 
phragm chamber to the accumulator, the latter being connected to the heating 
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Exhaust Steam Heating 


main at the point from which the pressure regulator is to be ■ 
governed. ! 

Ques. Describe the accumulator action. 

Ans. The accumulator is always half full of water and its 
elevation must be such that the water line in the accumulator | 
is level with the diaphragm, so that there will not be an un¬ 
balanced column of water to exert pressure on the diaphragm; 

Owes. What is the object of the water? 1 

Ans. It is provided to protect the diaphragm from the steam, 
the pressure of the water being transmitted from the surface of ] 
the water in the accumulator to the diaphragm. 1 

Ques. How does the regulating valve with its connected de-1 
vices work? I 

Ans. In operation, when the exhaust side F, is at the pre-1 
determined pressure, this brings sufficient force against the] 
under or water side of the diaphragm to overcome the down-1 
ward thrust due to the adjustable weighted lever and close the I 
valve. I 

Ques. What happens if the engine slow down or there be a I 
heavy demand for heat so that the exhaust steam is not ade-1 
quate to supply the demand? I 

Ans. The pressure in the exhaust side F (fig. 2) will fall and | 
the downward thrust of the adjustment weight will overcome I 
the opposing pressure of the water on the diaphragm and open I 
the valve, admitting live steam from the boiler side L, into the I 
exhaust side F, in sufficient quantity to restore the pressure,* I 

Ones. What important: effect is obtained from the water in I 
the accumulator? I 
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Ans. The inertia of the water acts as a damper to prevent 
over sensitiveness of the valve or “hunting.” 

Oues. What is hunting? 

Ans. The behavior of any mechanism which runs unsteadily 
oscillating either too far or too little in an attempt to adjust 

iMf to momentary fluctuations of pressure or other conditions 
which cause this action. 


I 

1 

h 



In the pressure regulating valve, hunting is 
fluctuations of pressure in the exhaust side F. 


caused by slight momentary 


^ Oues. Explain the duty of the spring under the diaphragm. 
I Ans. It acts to balance the downward thrust of the lever and 
I hold the valve in closed position when the pressure is the same 
I on both sides of the diaphragm. 

I Owes. What is the object of the back pressure valve^ 

L 
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Ans. Its duty is to prevent exhaust pressure exceeding a 
predetermined limit. 


Ones. What is the construction of a back pressure valve? 
Ans. It is virtually a lever safety valve designed to work at 
very low pressure. 


Some back pressure valves are so light that they will open or close 
with a variation of only two ounces. 


Ones. How is the back pressure valve adjusted? 

Ans. The position of the weight on the lever which is ful- 
crummed at F (fig. 4) determines the exhaust pressure at which 
the valve will open. 


T 


up 
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CHAPTER 11 

Hot Water Heating 
Systems 

Water as a medium for transmitting heat to radiators gives 
up only sensible heat as distinguished from steam systems 
which heat principally by the latent heat of evaporation. The 
result is the temperature of the radiators of a steam system is 
relatively high as compared with hot water. In a hot water 
sj’stem latent heat is not given off hence more radiating surface 
is needed to obtain equal heating effect. 

Ques. What are the chief advantages of hot water heating? 

Ans. 1. Because of the low working temperature of the water, 
the heat is very mild and the atmosphere is not robbed of any 
of its healthful qualities. 2. Since the temperature may be 
widely varied, it is more flexible than low pressing (above 
; atmospheric) steam systems. 3. The radiators will remain warm 
aeonsiderable time after the fire is extinguished, thus the system 
is a reservoir for,storing heat. 

Ques. What are some of the disadvantages? 

Ans. 1. Larger radiators required. 2. Danger of freezing when 
! not in use. 3. More expensive because of larger radiators. 

jta.-_ 
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Oues. Name one advantage when cast iron boilers are us 
Ans. All the heating surface (what little there is) is cove: 
with water which gives better heat transmission than in a ste 
boiler with considerable of the heating surface above the wa 
line — especially with nondescript attention where the wa 
is allowed to get too low. 


Classification. — To be comprehensive, and as with ste 
systems, hot water systems should be classed in various ways, 

1. With respect to circulation, as 
a. Thermal. 


{ 


by excess pressure, 
by super-heating, 
by steam or air pumps. 


6. Forced 


2. With respect to the piping arrangements, as 

, a. Single pipe system. 
h. Two pipe system. 

c. Circuit system. 

d. Overhead system. 

c. Expansion tank system. 

/. Closed system. 


3. With respect to the principle of air circulation, as 

I a. Direct. 

h. Indirect, 
c. Induced direct. 


4. With respect to pressure, as 

a. Low pressure. 
h. High pressure. 
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1. Thermal Circulation 

All the hot water systems may be divided into: 

1. Thermal, or 

2. Forced circulation. 



The word thermal is the best 
term for those systems which 
depend upon the difference in 
the weight of water per unit 
volume at different tempera¬ 
tures as forming the motive force 
which causes circulation. 

Ones. What other names are 
given to thermal circulation? 

Ans. They call it nondescriptly, 
gravity, natural or what not. 
The word thermal best expresses 
it, as it is the difference in weight 
(specific gravity) due to temp¬ 
erature differences that causes 
circulation. 

Ones. What is the prime con¬ 
dition in order that water may 
transmit heat from the boiler 
(heater) to the radiators? 


*foi ™ circulation hot water heating syatem. The motive 

U?ht whefhrt"“ different temperaturea-heavy 
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Ans. There must be a constant movement of the water fromi 
the heater to the radiators and back again, or circulation as it 
is called. Fig. 2. 

Oues. What causes this circulation in thermal (natural) cir¬ 
culation systems? 

Ans. It is due to the difference in density (weight per unit 
volume) of water at different temperatures. 



Figs. 3 and 4—The epansion of water with rise of temperature. Let fig. 3 represent a lai 
volume of cold water whose top surface is abed. If the water be in a container of cm 
section abedy then when heated, it will expand vertically from its original level A (ik 
4) to some higher level as A% the amount of expansion depending upon the degwip 
heating. 

Ques. Give an example. 

Ans. One cu. ft. of water at say 68° Fahr. weighs 62.31 Ik 
and at 212°, 59.82 lbs. (See table, page 38.) This difference ! i 
weight = 62.31—59.82=2.49 lbs. which is available (for ead ’ 
cubic foot) to cause circulation, as shown in fig. 2. 1 

Ques. What causes the difference in weight? ( 


h 
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Ans. It IS due to the expansion of the water as its temperature 

!s increased as m figs. 3 and 4. nperature 


Note that the top surface abed of the cu. ft \ has exoanH^H f 4 < 
an increase in volume represented by the linear increase aab ^ ^ ’ 


■" ^ “"“PO-xita* to the 


Oues. How does it work? 

to'cwlte”?"The°" “to »oter 

to circulate ? The answer is: It is due to the difference in 

ensity of the water at different temperatures. This unbalanced 

weight fonns a motive force which causes the water to circulate 

through the system as indicated by the arrows (fig. 2) and 

(mher portrayed by the effect ot the unequal we ghte plac^ 
upon the beam scale (fig. 1). ^ piaced 


the point of maximum density being taken as unity 


I Two Pip^atural Circulation Hot Water System with 

i iTfig o- 


I Oues. How does it work? 

! Ans. In operation (fig. 5) after the fire is started the tem- 

^ rises and expands. This 

; turbs the equilibnum of the system, causing the colder and 
heavier water m the down flow pipe to flow downward, pushing 











THt GRtATtR this OiSTANGEL 
THE. more: rapid the. circulation 
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Ques. What provision is necessary in case all the radiators 
are shut off? 

Ans. A circulation or by 
pass pipe is provided to 
form a continuous path for 
the flowing water. 



Ques. In the absence of 
this what would happen? 

Ans. All the water in the 
up flow pipe would be pushed 
up into the expansion tank 
followed by steam. 

Ques. What is the object 
of the expansion tank? 

Ans. Its name is self 
defining. As the water k 
heated, it expands and th 
tank provides space for ths 
increase in volume. 

Thus the water as it is 
heated will expand from elevfe 
tion say M to some othe 
elevation as S in the expan-, 
sion tank. 

Ones. What other desin 
able result may be obtain^ 
with an expansion tank, es¬ 
pecially one at high eleva¬ 
tion? 


Fig 5-Two pipe natural circulation hot water elevated expamion^ 

The expansion tank is necessary because of variation in volume of the water at dm 
ferent temperatures. 
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Ans. Additional 
boiler (due to the 
higher temperature 


pressure may be brought on the water in the 
head) thus the system may be worked at 
when desired. 


Circuit Two Pipe Hot Water System.-A single main is 
SidThe”™ t basement ceiling 


Oues. Of what does the circuit consist? 

hA”*‘ of a closed loop of extra large pipe in the 

tement having a pitch not less than inch per 10 feet of 
run. The mam supplies all the risers to the radiators above. 

Oues. How about the circulation in this arrangement? 

■JlTor shown in fig. 5 

and for this reason the circuit main should be of very liberal 
sue to reduce friction to a minimum. ^ 

J; r*"® Sy«tem.-In this system as shown in 

the wS employed to deflect part of 

the water from the mam into the radiators while lettine the 
balance flow through the main to the next radiator. 

Oues. Why is this called a single pipe system? 

IV® f P*P® in the sense that one pine 

wves both inlet and outlet of each radiator, but there must he 
an up flow side L, and a down flow side F. Thus there are in 
-btr two nrain pipes, but in function only on^ iTn^pl" 

lit!™ o' tbo up «.w 









expansion tank 
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Ans. Distribution tees as shown in fig. 8. 

Oues. What is the construction and action of these tees? 


Ans. They are pro¬ 
vided with a baffle 
tongue which deflects 
part of the water from 
the main in and out of 
the radiator while by 
passing the balance 
along the line as indi¬ 
cated by the arrows in 
the illustration. 

Over Head Hot 
Water System.—This 
is practically the same 
as the so called one pipe 
system, except that it 
has a divided circuit at 
the high point connect¬ 
ing with the down flow 
mains as shown in fig. 9. 

Oues. What is the 
thermal advantage of 
this system as compared 
with the one pipe 
system? 

Note the special dLstribu- 
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Ans. In the one pipe arrangement (fig. 7) the radiators on 
the up flow side L, are served before the water heats th 
radiators on the down flow side, resulting as already explains ^ 
in hotter radiators on the L side than on the F side. Evidentl| 
in the arrangement (fig. 9) water enters each down flow pipes 
the same temperature, equalizing the heat given off by 
pair of radiators. 



Oues. What is the adaptation of this system? 

Ans. Although it is not suited to all classes of buildij 
there are many, such as apartments, store, office buildif 
hotels, etc., where the general arrangement lends itself tof 
system. 
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Ques. Are air vents necessary? 

Ans. No. 

Oues. Why? 

Ans. The arrangement is such that all air works to the top 
and passes off into the expansion tank. 



Oues. What must be provided in hot water systems? 

„ Ans. Provision for expansion and contraction of the water 
^ to allow for the effect of varying temperatures. 
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Ques. How is this taken care of? 

Ans. By installing an expansion tank as before mentioned.; 
Ques. How does it work? 

Ans. As the water expands with rise of temperature, the 
excess volume of the water flows into the expansion tank. 



V 

t 


tc 


fl( 

tl 


cl 


Figs. 10 and 11—Applicatioij of closed expansion tank in hot water heating. It peni^ 
heating the water above 212® Fahr. When cold, say at atmposheric pressure and til 
furnace is started, the water may be heated to any proper working temperature becasi 
the pressure is automatically adjusted to correspond with the temperature. That Mj 
steam will form and continue to form till it reaches a pressure corresponding to til 
temperature, here taken at 230® Fahr. 
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Oues. Name another feature of the expansion tank. 

Ans. The boiling point of the water may be increased by 
elevating the expansion tank which by increasing the head 
increases the pressure. 

Oues. What is the thermal effect of this? 

Ans. The water can be heated to a higher temperature 
without generating steam which in turn causes the radiators 
to give off more heat. 


Open and Closed Expansion Tanks. 

Oues. What is the application of these types? 

Ans. The open expansion tank is used on low pressure sys¬ 
tems and the closed tank on high pressure sj-stems; air in the 
tank above the water forms a cushion for increasing pressure, 

Oues. Describe the increase in pressure. 

Ans. As the temperature of the water rises it expands and 
flows into the tank, thus compressng the air and increasing 
the pressure. 

Oues. What is the relation between pressure and volume 
changes of the air? 

Ans. According to Boyles’ law at constant temperature the 
pressure of a gas varies inversely as its volume. Thus, when the 
volume is reduced to half, the pressure is doubled. 

Oues. What kind of pressure are we talking about? 
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Ans. Absolute pressure, and once and for all in this case 
absolute pressure—not gauge pressure. 


Ques. Do you remember what is “absolute pressure”? 
Ans. Yes. Absolute pressure is pressure measured from 
the true zero or point of no pressure. 



Fiq 12 —Principle of the injector. In operation, steam flows from the boder 

nioe A which terminates in a nozzle surrounded by a cone E (c^ed a combmi^ ^ 
comiected bv the pipe B, to the water tank. The steam flows with great velocity fig 
the nozzle and creates a partial vacuum in cone E, which soon fills with watw. On in« 
ine the water the steam condenses, but not before it has imparted son^ of its 
to the water which thus gains sufficient momentum to force open the check valve 
flow through pipe D, to the boiler. 


2. Forced Circulation. 

The reasons for speeding up the flow of the water in hi 
water heating is to increase the heating capacity of the radii 
tors; make the system more responsive to load conditions an 
to allow the use of smaller pipes. I 
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Numerous methods have been introduced to accelerate the 
circulation and the following principles which have been em¬ 
ployed may be given as: 

1. High pressures to gain greater temperature differences. 

2. Super-heating a part or all of the circulating water as it 
passes through the heater and condensing the steam thus 


r 



PUMP 


-^BOILER ^ ^ 

circulation 


Fig. 13—Forced circulation by means of a pump. 

formed by mixing it with a portion of the cold circulating 
water of the down flow pipe. 

3. Introducing steam or air into the main riser pipe near the 
top of the system. 
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Fig. 14 and 15 — Directional flow fitting consisting of ordinary T with the special fitting. 
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4. Forcing by pumps. 

5. Combination pumps and local boosters j vrnturi 


Forcing by pumps is thfe usual method. Local boosters ac¬ 
celerate the flow through the radiators by inductive action 
which is in principle similar to the working of a steam injector. 

working of the steam boiler injector (which is fundamental 


VENTURI FITTING 

INJECTOR TYPE 



Owes. To understand the induction principle, how does a 
steam boiler injector work? 

Ans In operationj steam from the boiler, entering the steam 
nozzle, passes through it, through the space between the steam 
nozzle and combining tube, and thence out through the over¬ 
flow. 
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Ones. What is the result of this action? i 

Ans. This produces a vacuum which draws in the water55 
through the water inlet. 

Ques, What is the effect of the incoming cold water? 

Ans. The incoming cold water condenses the steam in tra¬ 
versing the combining tube, and the water jet thus formed 
driven at first out through the overflow, but as the velocity 
of the water jet increases, sufficient momentum is obtained 
to overcome the boiler pressure, with the result that the water 
enters the delivery tube and passes the main check valve into 
the boiler. 

Oues. What is the main difference between the steam in¬ 
jector just given to illustrate the principle of ‘Inductive” 
action and the hydraulic “boosters'" used in forced circulation 
hot water systems. 

Ans. The principle is the same with the exception that fast 
flowing hot water is used instead of steam to obtain the m 
ductive action to accomplish accelerated circulation. 


1 
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CHAPTER 12 


Pipes 


The kind of pipe ordinarily used on heating jobs and for 
many other applications is what is known as wrought pipe. 
The kind ordinarily used is made of wrought iron or wrought 
steel. 


Ones. How is wrought iron pipe distinguished from wrought 
steel pipe? 

Ans. Each length of wrought iron pipe is stamped “genuine 
wrought iron'\ 

Wrought iron pipe because of its higher cost of manufacture has been 

largely displaced by wrought steel pipe. 

Oiies. What other kinds of pipe are sometimes used on 
domestic jobs? 

Ans. Copper or brass. 

Oues. Instead of pipe what is sometimes used? 

Ans. Non-ferrous tubing with soldered joints (later de¬ 
scribed). 

: O^GS. What is peculiar about the rated sizes of wrought 

^ pipe? 













Ques. What other name is given to the rated size? 
Ans. They call it the nominal inside diameter. 
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Ans. The walls are made thicker for the higher pressures. 


Oues. What are the three grades of pipe as manufactured 
for different pressures? 

Ans. They are: 1. Standard) 2, extra heavy (or extra strong); 
and 3, double extra heavy (or double extra strong). 


SIZE 

STANDARD 

extra 

STRONG 

OOUStE 
extra strong 

v^ 

o 

o 

o 

44 

O 

O 

o 

1 

O 

O 

o 


Figs 4 to 12-—Three sizes of standarH. extra heavy and double extra heavy wrought pipe 
showing relative thukneas. The.sections are about half size. 


Oues. How do they get the different thicknessss of metal 
without changing the outside diameters? 

Ans. They reduce the inside diameter. 


f Oues. How are the pipes joined to the next length of pipe 
‘ or fittings? 

Ans. Usually by threaded joints, but the joints are fre- 
quently welded, especially in large size pipes. 


1 
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AMERICAN (BRIGGS) 

STANDARD PIPE THREADS 



A B Q — (0.056 •+ i.i) P 
B K A + -0625 F 
E a P (0.8G + 6.8) 

P«pth of Thread 0.8 P 
Total taper %-in. per foot 


Fi‘< 3 13—Amrican Briggs standard pipe threads. 


Mominal 

Size 

A 

PItcl) Die. 
at End of 

B 

Pitch Oia. 
at Gaining 

E 

Length 

Effective 

Thread 

Inches 

F 

Normal 
Engagement 
by Hand 
Between 

G 

Outside 
Oia. of 
Pipe 

inches 

H 

Actual 

Inside 

Number 

of 

P 

Pitch 

Af 

Depth of 

ol Pipe 

Pipe 

Male and 
Female 
Thread 
Inches 

Dia. of 

Threads 

Per 

Inch 

Thread 

Inch 

Thread 

^ Inchea 

Inchea 

• 

InchM 

Pipe 

Inches 

Inch 

U 

.36351 

.37476 

.2638 

.180 

.405 

.269 

27 

.0370 

.02963* 

H 

.47739 

.48989 

.4018 

.200 

.540 

.364 

18 

.0556 

.04444 


.61201 

.62701 

.4078 

.240 

.675 

.493 

18 

.0556 

.04444 


.75843 

.77843 

.5337 

.320 

.840 

.622 

14 

.0714 

.05714 


.96768 

.98886 

.5457 

.339 

i.050 

.824 

14 

.0714 

.05714 ^ 

1 

1.21363 

1.23863 

.6826 

.400 

1.315 

1.049 

IVA 

.0870 

.06956 


1.55713 

1.58338 

.7068 

.420 

1.660 

1.380 

llj| 

.0870 

.06956 


1.79609 

1.82234 

,7235 

jl20 

1.900 

1.610 

UU 

.0870 

.06956 

2 

2.26902 

2.29627 

.7565 

.436 

2.375 

2.067 

IIH 

.0870 

.06956 


2.71953 

2.76216 

1.1375 

.682 

2.875 

2.469 

8 

.1250 

.10000 . 

3 

3.34063 

3.38850 

1.2000 

.766 

3.500 

3.068 

8 

.1250 

.10000 ; 

3M 

3.83750 

3.88881 

1.2500 

.821 

4.000 

3.548 

8 

.1250 

.10000 

1 

4.33438 

4.38713 

1.3000 

-.844 

4.500 

4.026 

8 

.1250 

.10006 • 

4H 

4.83125 

4.88594 

1.3500 

.875 

5.000 

4.506 

8 

.1250 

.10004 i 

& 

5.39073 

5.44929 

1.4063 

.937 

5.563 

5.047 

8 

.1250 

.10000 ^ 

h 

6.44609 

6.50597 

1.5125 

.958 

6.625 

6.065 

g 

.1250 

.10000 

7 

7.43984 

7.50234 

1.6125 

1.000 

7.625 

7.023 

8 

.1250 

.10000 : 

t 

8.43359 

8.50003 

1.7125 

1.063 

8.625 

7.981 

8 

.1250 

.10000 J 

9 

9.42734 

9.49797 

1.8125 

1.130 

9.625 

8.941 

8 

.1250 

.10000 - 

'0 

10.54531 

10.62094 

1.9250 

1.210 

10.750 

10.020 

8 

.1250 

.10000 j 

\2 

12,53281 

12.61781 

2.1250 

1.360 

12.750 

12.000 

8 

.1250 

.10006 i 

14 O.D. 

13.77500 

13.87262 

2.250 

1.562 

14.000 


8 

.1250 

.10000 

Ih 0.0 

14.76875 

14.67419 

2.350 

1.687 

15.000 


8 

.1250 

.10000 j 

16 O.D. 

15.76250 

15,87575 

2.450 

1.812 

16.000 


8 

!i250 

"lOOOO i 

18 O.D. 

17.75000 

17.87500 

2.650 

2.000 

18.-000 


8 

.1250 

.10000 i 

?0 O.D 

19.73750 

19.87031 

2.850 

2.125 

20.000 


8 

.1250 

10000 ] 

22 O.D 

21.72500 

2L86562 

3.050 

2.250 

22.000 


8 ' 

1250 

Jaj 

24 O.D 

23.71250 

23.86094 

3.250 

2.375 

24.000 

. 

8 

.1250 


Dal* abstrpcled froto the American Standard for Pipe Threads A.S.A.-B 2 — 1919 , 
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Dimensions of Standard Pipe 

I 

if 

[f 

Per Inch 

r.0000^ 

1 .-1!^^^ ^«ooooo ooooeoooeo ooooeooooo oooooooo 

Length 
of Pipe 

Containing 
1 Cubic 
Foot 

Feet 

2533.775 

1383.789 

754.360 

473.906 

270.034 

166.618 

96.275 

70.733 

1 42.913 

30.077 

19.479 

14.565 

11.312 

7.198 

4.984 

2.815 

2.878 

1.765 

1.785 

1.826 

1.254 

1.273 

0.903 

0,697 

0.621 

0.498 

Length of Pipe 
per Square Foot 

Internal 

Surface 

Feet 

14.199 

10.493 

7.748 

6.141 

4.635 

3.641 

2.768 

2.372 

1.847 

1.547 

1.245 

1.076 

0.948 

0.756 

0.6^9 

0.473 

0.478 

0.374 

0.376 

0.381 

0.315 

0.318 

0.268 

0.235 

0.222 

0.199 

External 

Surface 

Feet 

9.431 
7.073 . 
5.658 
4.547 

3.637 

2.904 

2.301 

2.010 

1.608 
1.328 
! 1.091 

0.954 

0.848 

0.686 

0.576 

0.442 

0.442 

0.355 

0.355 

0.355 

0.299 

0,299 

0.254 

0,224 

.0.212 

0.190 

Transverse Area 

Internal 

Square 

Inches 

0.057 

0.104 

0.191 

0.304 

0.533 

0.864 

1.495 

2.036 

3.355 

4.788 

7.393 

9.886 

12.730 

20.006 

28.891 

51.161 

50.027 

81.585 

80.691 

78.855 

114.800 

113.097 

159.485 

206.476 

231.866 

288.986 

1 External 

CD eo 

0.129 

0.229 

0.358 

0.554 

0.866 

1.358 

2.164 

2.835 

4.430 

6.492 

1 9.621 

12.566 

15.904 
. 24.306 

34.472 

58.426 

58.426 

90.763 

90.763 

90.763 

127.676 

127 676 

176.715 

226.980 

254.469 

314.159 

Nominal 
Weight 
per Foot 
Threaded 
and Couplec 

Pounds 

0.245 

0.425 

0.568 

0.852 

1.134 

1.684 

2.281 

2.731 

3.678 

5.819 

7.616 

9.202 

10.889 

14.810 

19.185 

25.000 

28.809 

32.000 

35.000 

41..132 
45.000 
50.706 

60:375 

72.602 

80.482 

89.617 

■ Nominal 

Thickness 

Inches 

0.068 

0.088 

0.091 

0.109 

0.113 

0.133 

0.140 

0.145 

0.154 

0.203 

0.216 

0.226 

0.237 

0.258 

0.280 

0.277 

0.322 

0.279 

0.307 

0.365 

0.330 

0.375 

0.375 

0.393 

0.409 

0.409 

Diameter 

Internal 

Inches 

0.269 

0.364 

0.493 

0.622 

0.824 

1.049 

1.380 

1.610 

2.067 

2.469 

3.068 

3.548 

4.026 

5.047 

6.065 

8.071 

7.981 

10.192 

10.136 

10.020 

12.090 

12.000 

14 250 
16.214 

17.182 

19.182 

External 

Inches 

o°rC 2 iCiCSS o<v>»o»nir> 00000 oooo 

viotooo ocoocn coooSo 22 SSS JCfCjCJClC 

0000 ^uSoodod SSSS 

*3 

S 

J 

Size 

Inches 

^ is: 

cgcmro .^.r>tf>eoeo oooe.j.M ^.^ooo 


£ 
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Length o* 
Pipe 

Containing 

1 Cubic Foot 

Feet 

3966.393 

2010.290 

1024.689 

615.017 

333.016 

200.193 

112.256 

81.487 

48.766 

33.976 

21.801 

16.202 

12.525 

7.915 

5.524 

3.154 

1.929 

1.328 

Length of Pipe 
per Square Foot 

Internal 

Surface 

Feet 

17.766 

12.648 

9.030 

6.995 

5.147 

3.991 

2.988 

2.546 

1.969 

1.644 

1.317 

1.135 

0.998 

0.793 

0.663 

0.500 

0.391 

0.325 

External 

Surface 

o 

£ 

9.431 

7.073 

5.658 

4.547 

3.637 

2.904 

2.301 

2.010 

1.608 

1.328 

1.091 

0.954 

0.848 

0.686 

0.576 

0.442 

0.355 

0.299 

«> 

ii ® 

l| < 

as 

CO 

oi 

c 

CH 

k. 

1- 

internal 

c 

O’ 

(/> 

1 0.036 

0.072 

0.141 

0.234 

0:433 

0.719 

1.283 

1.767 

2.953 

4.238 

6.605 

8.888 

' 11.497 
18.194 
26.067 

45.663 

74.662 

108.434 

External 

d 

o 

c/> 

0.129 

0.229 

0.358 

0.554 

0.866 

1.358 

2.164 

2.835 

4.430 

6.492 

9.621 

12.566 

15.904 

24.306 

34.472 

58.426 

90.763 

127.676 

Nominal 
Weight 
per Foot 
Plain Ends 

Pounds 

0.314 

0.535 

0.738 

1.087 

1.473 

2.171 

2.996 

3.631 

5.022 

7.661 

10.252 

12.505 

14.983 

20.778 

28.573 

43.388 

54.735 

65.415 


Nominal 

Thickness 

Inches 

ma>cor<». ^cr>^o oocooeo r^tncsio oo 

o>.-icvi^ ror^roo OO 

Ot—It— 1.—1 Ht— lesj cMCMCoc^ co<n«*'a’s mm 

oooo o’ooo OOOO OOOO 0*0 

£ 

§ 

O 

Internal 

Inches 

0.215 

0.302 

0.423 

0.546 

0.742 

0.957 

1.278 

1.500 

1.939 

2.323 

2.900 

3.364 

3.826 

4.813 

5.761 

7.625 

1 9.750 

11.750 

External 

1 Inches 

momo omoo mmoo ocomm oo 

m— 4mo r*«.r>.oo ococmcm mm 

^mcow ocococT) cooomo mm<£><o r«<.r<- 

oooo 4,-; rsictjcoxtf* ^mooo o<si 


Nominal 

Size 

Inches 

/ 

is?; x: 

1 cMcsccoco ^mmoo ocm 


XJl 

0) 


O 

V 

CG 

'-a 

a 

2 

0) 


o 

-§ 


w 

"O 




^ .& 


a> 

3 


O <1 


3 

o 


What is the peculiarity of the pipe thread and why so made? 
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Length of 
Pipe 

Containing 

1 Cubic Foot 

2887.165 

973.404 

510.998 

228.379 

151.526 

81.162 

58.457 

34.659 

18.454 

11.107 

7.646 

3.879 

of Pipe 

0*6 Foot 

Internal 

Surface 

r^»-«toco «si*-noo nHOOirt 

inor ».(0 

1 nlOOCOCM ^ljO»-lQC> 

inod«£>^ coesiegnH > 4 ooo 

Length 
per Squs 

External 

Surface 

ooooo—• oo«jO<x>co 

^cooo n.«ocvi^ 

[ o«ocoo ooiDin^^ 

^'cocvjesi tNj. 4 » 4 n-I OOOO 

rse Area 

Internal 

Cn In 

oooevio o ^ ^ Irt COtOl/><VJ 

Lo^oooo ir>r«.iOir» otOfOCM 

ooo>oo»-< 

r OOOO on^ci^ ^^ 2 ?; 

Transvei 

External 

O.. In 

i ir>OC>J.-« 

- ir>voir>«o cocoocM oor~»csj 

“ tAoooonH cr»co^^^ 

3 * oo^cvj wn^^oo 

—<CNicom 

Nominal 
Weight 
per Foot 
Plain Ends 

» ooomco n.<fsio^ 

3 ocvjooo «»irnocM 

S CO CM o CO ir> cnen^-H^ 

2 «—IcMcouS codrooo r^odcocM 

» ni nH CM CO co r>» 

Nominal 

Thickness 

S ^ OO OO CM OCOCMO ^o^in 

S oolooo ocoi«o r^iocor*. 

5 cMcocoro ^^inco cor>.oooo 

c coddd ddcoo' dooo 

leter 

Internal 

S csj^oco OCO.-IO cMcor^ir) 

S cncoocj^ oor**o votoenr^ 

g CM'd-moo r-tinr>.ro nnooooo 

C dodo .-iMln^csi coW^'cD 

Diarr 

External 

S oocno oirteno ommiA 

: ^mt-Mco or<.>r*»o ococmcm 

■g oooooco ocooom mintoco 

C d» 4 n^r 4 i 4 csi cMco ^‘ddod 

Nominal 

Size 

1 


cu 


45 


(D 


a> 
a 
‘S, 
0) 

a 

p 

be 

s '5 

^ cu 


02 


CQ 

.£f -S 


^4> 

a» 

biD 


bC 

g 

*02 


o 
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0) 

45 


^ -g 
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'73 45 

$ ^ 
^ 75 
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P. 
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u 
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4P 
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0) 

413 


0) 

P. 


0) 

4P 

§“ 

bC 

.s 


02 

P 

$4 

P 
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£ 
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p 

413 
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,P 

P 
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Ans. This is so to a certain extent, but when a greenhorn gorilla overdoes it, the elastic 
limit is exceeded, with result that the joint will leak. 

We have with us greenhorns, mark ye always. The same thing may be said about the average auto 
mechanic in adjusting a fan belt; 90of them will tighten the belt to the limit of the adjustment 
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with result that the belt is soon worn out and the fan bearing likewise. 

Auto fan belts should be tightened just enough to prevent them slip¬ 
ping—and no more. It takes some mechanics 50 years to learn this. 

Oues. What taper is used on pipe threads? 

Ans. Total taper % in. per foot. 

Oues. How about the number of threads per inch? 

Ans. They vary from 27 threads for Ys in. pipe to 8 threads 
for 2H in. pipe and larger sizes. 

Oues. What do you mean by a table of “Properties of 
Pipes”? 

Ans. A tabulation giving all particulars as to dimensions. 

Although the following doesn’t strictly belong to this chap- j 
ter, this is the place for it—for convenient reference— that is 
the following table of the “Properties of Boiler Tubes”. 

Properties of Standard Lap Welded Boiler Tubes 




i-a 




ins. 

1 

in 

2H 

3 

3H 

4 

4H 

5 

6 




ins. 

.810 
1.060 
1.310 
1.560 
1.810 
2.282 
2.782 
3.260 
3.732 
4.232 
4.704 
5 670 


ins. 

.095 

.095 

.095 

.095 

.095 

.109 

.109 

.120 

.134 

.134 

.148 

.165 


B.W.G 

13 

13 

13 

13 

13 

12 

12 

11 

10 

10 

9 

8 


8 

»-• a 
28 
F V 

»S 

U 


ins. 

2.545 

3.330 

4.115 

4.901 

5.686 

7.169 

8.740 

10.242 

11.724 

13.295 

14.778 

17.813 


External 

Circumference 

Internal 

Area 

External 

Area 

Length of Tube 
per Sq. Ft. of 
Inside Surface 

Length of Tube 

per Sq. Ft. of 
Outside Surface 

Weight per 
Lineal Foot 

ins. 

sq. ins. I 

sq. ins. 

ft. 

ft. 

lbs. 

3.142 

.515 

.785 

4.479 

3.820 

.90 1 

3.927 

.882 

1.227 

3.604 

3.056 

1.15 1 

4.712 

1.348 

1.767 

2.916 

2.547 

1.40 1 

5.498 

1.911 

2.405 

2..448 

2.183 

1.679 

6.283 

2.573 

3.142 

2.110 

1.910 

1.9321 

7.854 

4.090 

4.909 

1.674 

1.628 

2.783 

9.425 

6.079 

7.069 

1.373 

1.273 

3.365 

10.996 

8.347 

9.621 

1.172 

1.091 

4.331 

12.666 

10.939 

12.566 

1.024 

.995 

5.532 

14.137 

14.066 

15.904 

.903 

.849 

6.248 

15.708 

17.379 

19.635 

.812 

.764 

7.669 

18.850 

25.250 

28.274 

.671 

.637 

10.282 
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Note: Expansion given is approximate, but correct to the best known information. 




































RELATIVE DISCHARGING CAPACITIES OF STANDARD PIPE 

The figure opposite the intersection of any two sizes is the number of smaller size pipes required to equal one of the larger. 
Example: How many 2-inch standard pipes will ii take to equal the discharge of one 8-inch standard^ pipe? 
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Expansion of Pipe. — The linear expansion and contraction 
of pipe due to difference of temperature of the fluid carried and 
the surrounding air, must be cared for especially in the case of 
long lines by expansion joints, bends or equivalent provision. 

In order to determine the amount of expansion or contract 
tion in a pipe line, the table on page 190 shows the increase in 
length of a pipe 100 feet long at various temperatures. 


Example, —The expansion for any length of pipe may be found by taking 
the difference in increased length at the minimum and maximum tenn^ 
peratureSf dividing by 100 nad multiplying by the length in feet under coni 
soceration. 
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I CHAPTER 13 

I 

! Screwed Fittings 
and Vaives 

1. FITTINGS 

Since pipe cannot be obtained in unlimited lengths, and the 
fact that in practically all pipe installations there are numerous 
changes in directions, branches, etc., pipe fittings have been 
devised for the necessary connections. 

By definition, the term pipe fiMings is used to denote: All 
those pieces that may be attached to pipes in order 1, to alter the 
direction of a pipe, 2, to connect a branch with a main, 3, to 
close an end, and 4, to connect two pipes of different sizes. 

\ This Chapter covers screwed fittings as distinguished from 
^oldered or branch fittings, later considered. 

I Classification- — The great multiplicity of fittings may be 
sdivided into five general classes: 

1. Extension or joining fittings. 

а. Nipples. 

б. Lock nuts. 

( straight 
C. couplings i eccentric 
( offset 

d. Unions. 
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VARIOUS ELBOWS AND BENDS 



Figs. 3 to 10. —Various cast iron drainage elbows. Fig. A, bend, or elbow; fig. B, 
bend or 11 short elbow; fig. C, Vfe bend, or 223^° short elbow; fig. D, bend, or 
30® short elbow; fig. E, H bend or 45° short elbow; fig. F, elbow, or 45° long elbow; 
fig. G, yi bend, or 90? short elbow, fig. II, 34 bend or 90° long elbow. 


VARIOUS RETURN BENDS 



Figs. 11 to 15.—Jarecki malleable return bends. Fig. 11, close pattern without bead 
fig. 12, close pattern with bead; fig. 13, medium pattern; fig. 14, open pattern; fig. 15, 
wide pattern. 
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2. Reducing or enlarging fittings. 
a. Bushings. 
h. Reducers. 



Figs. 16 to 19.—Ordinary malleable union disassembled to show parts. It consists of 
thr€« parts and a gasket, as shown. In assembling the gasket G, is placed over the pro¬ 
jection on the shoulder and so that it is in contact with surface L, The ring is slipped over 
the shoulder end and the threaded end placed in position so that the flat end surface F, 
presses against the gasket and then the ring is screwed firmly into the threaded end Since 
the shoulder on the shoulder end cannot back off the ring, the two ends are pressed firmly 
together against the gasket by the ring, thus securing a light joint. 


TIGHT 



gasket; 


GOOD ALIGNMENT 



BAD ALIGNMENT 


Figs. 20 and 21 — Limitation of the ordinal^ gasket union. The alignment must he good 
to secure a tight joint. In the figure the ring is omitted for clearness. If both ends be in line 
and firmly pressed together against the gasket by the ring, the gasket will bear evenly over 
the entire contact surface and the joint will be tight. If the two ends be out of alignment 
when the ring is screwed tight it will bring great pressure on the gasket at M, whereas the 
surfaces will not come together at the opposite point S, thus causing a leak. 
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3. Directional fittings, 
a. Offsets. 
h. Elbows. 

! c1oS6 
medium 
open 


4. Branching fittings. 
a. Side outlet elbows. 
h. Back and side outlet return bends, 
c. Tees. 



Fig. 22—Walco composition seat spherical ground ioint female union, illustrating com¬ 
position ting and ground joint. The feature is that the spherical contact permita 
tight joint even though the connecting pipes be considerably out of alignment. 

d, Y branches. 

€. Crosses. 

/. Branch tees or headers. 


5. Union or make up fittings. 

Union elbows. 
b. Union tees. 

Various fittings are shown in figs. 1 to 15. 
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Oues. What kinds of fittings are largerly used in general? 
; Ans. Plain and beaded; malleable iron and cast iron. 

Oues. How is a tee specified? 

Ans. The run is given first, then the branch. 

Oues. What do you mean by the “run” of a tee? 

[ Ans. The body of the tee with the outlets opposite each 
\ other, that is, at 180.° 


i 



Figs. 23 and 24— Standard elbow angles. The angles ordinarily carried are 90° and 45°. 


Oues. What is the difference between a female and a male 
thread? 

Ans. A female thread is an internal thread and a male thread 
is an external thread. 

Oues. What is a right and left fitting and what is it used 
for? 

Ans. A fitting having right and left threads so that a “line” 
may be joined that is “made up" without the use of a union. 

























WHEEL NUT 
Bronze 


HANDWHEEL 
Cast Iron 


STEM 

Bronze 


PACKING NUT 
Bronze 


BONNET 

Bronze 


BODY 

Bronze 


DISC LOCK NUT 
Bronze 


DISC 

Bronze 


2. VALVES 

According to the National Tube Co., valves and couplings 
are not considered as fittings. However, the author considers a 
valve as virtually a form of fitting used to control the flow of 
steam or water in pipes. Strictly speaking, a coupling is a 


Fig. 25 Kennedy standard globe valve. 


valve A forni of valve with inlet and outlet at 90°. Angle valves 
where it is desired to control and change the direction of flow. ^ 

joining fitting, but probably excluded by the National Tube 
Co. on account of the custom of furnishing a coupling with 
each length of pipe. 

Owes, Name types of valves largely used, not considering 
valves attached to radiators. 


198 _ Screwed Fittings and Valves 

























I 

_ Screwed Fittings and Valves _ 199 

Ans. Globe, angle, gate, and check valves. 

Points Relating to Globe and Angle Valves. -By defini¬ 
tion: 1, a glove valve is a valve having a round ball-like shell with 
fo stuffing box extension through which passes the screw spindle 
^which operates the valve disc; 2, an angle valve is a valve whose 



SINGLE DISC DOUBLE DISC 


^GS. 27 and 28- Single disc and double disc gate valve 

)utlet is at right angles to the inlet branch, thus combining 
n itself a valve and an elbow, 

: Ones. What is the comparison between these valves, and 
pte vah'es? 

_ 
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Ans. Globe and angle valves are preferable to gate valvesj 
where the valve is to be operated frequently because they open] 
with fewer turns; also, where the valve is to be operated par-| 
tially open, as a throttling service. 1 

Ques. How should globe and angle valves be installed! 
and why? | 

Ans. They should be installed with the pressure against the! 
face of the disc so that the stuffing box may be repacked with- ; 
out escape of water or steam. 


Ones. What are the points relating to composition discs? 



Figs. 29 and 30 — Flat and beveled valves and seats. For equal dischar^je capacity a beveled 
valve must be opened more than a float valve. Why? See r igs. 3b to 40. 


Ans. They are suitable for service other than high tem¬ 
perature. 

While they do not last as long as metal discs on throttling service, 
they will enable the seat to last longer by taking most of the wear of wire 
drawing and are easier and cheaper to renew. 

Ones. How about metal discs? 

Ans. They last longer than composition discs on throttling 
service and on higher temperature service. i 

Ques. How about “plug type” discs? 

Ans. They are most suitable for close throttling service, 

___ a 
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Oues. When are union bonnets desirable? 

Ans. On installations where valve may require frequent 
repair or replacement of disc. 

This type of connection minimizes the danger of distorting the body or 
bonnet when reassembling the valve after repairing. 


Oues. What should be noted about angle valves? 

Ans. They save an elbow and nipple and also reduce the 
pressure loss. 



UPRIGHT 



OPENING 


to place globe valves on horizontal lines 
fhp T upnght i^ition as in fig. 31, considerable water wiU remain ii 

aubj^t to freezi^ When placed in horizontal position as in fig. 32, mosi 
of this water will dram through the seat opemng with less danger of damage by freezing 
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Points Relating to Gate Valves. By definition, a gate 
valve is: A vahe having two indited seats between which the 
valve) consisting of a single or double disc wedges down in closing. 

In opening, the valve is drawn up into a dome or recess, thus 
leaving a straight passage the full inside diameter of the pipe. 



Fig. 33--Throe way or so-called cross valve. Used to control the flow to or from a branch i 
line at the junction of a branch and main line, f t is virt i$ally a globe valve having its seat 
located at the bottom of the body and the passage through the seat connected with a third 
opening at right angles to the other two oiienings. 

Oues. What is the comparison between gate valves andi 
globe and angle, valves? 

Ans. Gate valves are preferable for lines on which it is 
important to minimize resistance to flow and friction losses, 
They are also necessary where complete drainage of the pipe 
must be provided. Globe valves are preferable for throttling. \ 

_ 
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Oues. What is the special use of gate valves? 

Ans. They are primarily suited for location where valves 
are to be generally wide open or shut tight, because when these 
valves are used for throttling, the high velocity of flow tends 
to damage the surface of the seats. 

Wedge gate valves are preferable where the valve is to be installed 
With the stem extending vertically downward. 


fVALVE STtM 
CLOSeO POSITION 


ADJUSTABLE STOP 
LIFT LIMIT 




1 r BOILER 

PRESSORE 



TO HEADER 


COUNTER BALANCE 

SPRING HI! ^'VALVE closed 

TO BOILER 

(«K. 34—stop or non-return valve. A form of check valve which can be opened or closed 
, by hand control when the pressure m the ho ler U greater than that in the line, hut can^t 
dw opened when the pressure within the hoi er is less than that in the line. The couide?- 
balance sprmg shghtly overbalarices the weight of the valve and tends to hold th^valve 
open, thus preventing movement of the valve with every slight fluctuation of pre^urT 


^ Oues, What is the advantage of the double disc gate valve?’ 

Ans. If the liquid contain foreign matter such as grit, the 
lexibility of operation of the double disc enables one disc to 
leat tightly, if the gnt be caught on the other seat. Moreover, 
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stem gate valves? 

Ans. They are usually tighter at the stuffing 
box than those with rising stems and require less 
head room. 
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Ques. When should outside screw and yoke gate valves 
be used? 

Ans. When it is necessary to know at a glance whether the 


I valve be open or shut. 



Figs. 38 to 40 — Beveled valve and seat with diagrams. The slant surface is, obviously, 
E perpendicular to the seat, and since the height of the slant surface is less t^n the lift, 
the capacity of a beveled valve is less than that of a flat valve. In fig. 39, AC, is the 
slant height, 0 is the angle ABC, between the direction of lift and the valve seat, hence 
in triangle ABC, 


from which 


sin 0 =* AC 4- AB = slant heightlift 


I slant height “lift X sin 0 .(1) 

Points Relating to Check Valves. — By definition: A valve 
which automatically opens to permit the passage of a liquid in 
one direction and closes automatically to prevent any flow in the 
^ reverse direction. 


j 

I There are two general types of check valve, known as: 
f 1. Swing check, and 
2. Lift check. 


A third class sometimes used is the ball check. 


i 


Ques. What are the points relating to swing check valves? 
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Ans. They operate best on horizontal lines. 

Oues. How should they be installed on vertical or inclined i 
lines? 

Ans. On these lines they should be installed so that the 
flow will be upward through the valve. 

Uues. What are the points relating to lift check valves? 

Ans. They have less tendency to “slam” than swing check 
valves and they can be fitted with a spring to eliminate chat¬ 
tering and pounding where the flow is irregular to quick reversal. 

Ques. Name another type of check valve and where used. 

Ans. The vertical check valve. It should be used on ver¬ 
tical lines only and with the flow upward through the valve. 

Ones. AVhat is the application of the check valve on heating 
systems? 

Ans. A check valve is sometimes placed on the return con¬ 
nection to prevent the accidental loss of boiler water to the 
returns with consequent danger of boiler damage. 

Oues. How does this arrangement compare with the Hart¬ 
ford connection or Graham stabilizer loop. 

Ans. Either the connection or loop is to be preferred over 
the check valve because the latter is apt to stick or not close 
tightly. Moreover, the check valve offers additional resistance 
to the condensate coming back to the boiler, which in gravity 
systems would raise the water line in the far end of the wet 
return several inches. 
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CHAPTER 14 


Screwed Pipe Fitting 


By definition, the term “pipe fitting” means: The operations 
%h%eh must he performed in installing a pipe system as made up 
P pipe and fittings. ^ 

Oues. What are these operations? 

Ans. The operations to be performed may be listed as: 
Cutbng; 2, threading; 3, reaming; 4, cleaning; 5, tapping; 
bending; 7, assembling; 8, make up. 

Pipe Cutting.-Pipe is manufactured in various lengths 
'■ rymg from 12 to 22 feet. Accordingly it must be cut to 
jpgths required. 

Oues. How do you cut a pipe to desired length? 

Ans. With a hack saw or preferably for convenience and 
>eed, with a pipe cutter. 

Oues. How IS the pipe held while cutting and threading? 
Ans. In a pipe vise. 

Oues. How should the pipe vise (having teeth) be adjusted? 
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CUTTING FILING 



THREADING 



MAKING UP 

©I 



stillson 

WRENCH 


Figs. 1 to 4 — Principal operations in pipe fitting. The pipe after being marked to lenfttl 
by nicking with a file is put in vise and cut with pipe cutter (or hack saw) as in fig. W 
burrs, removed with file as in fig, 2. Next the thread is cut with stock and dies as in figl 
3, and after carefully cleaning thread with hard tooth brush and applying red lead or pipe! 
cement to thread just cut, the joint is made up with a Stillson wrench as in fig. 4. 
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Ans. Just sufficiently tight to prevent the pipe slipping, but 
not so tight as to cause the jaw teeth to unduly dig into the 
pipe. 


Oues. What is a pipe cutter? 

Ans. A tool usually consisting of a hoop shaped frame on 
whose stem a slide can be moved by a screw. On the slide and 
frame several cutting dies or “wheels” are mounted. 




Figs. 5 and 6 — Three wheel cutter and combined wheel and roller cutters illustrating 
arc. The cuts show the comparative movements necessary with the two types of cut¬ 
ter to perform their functions. The three wheel cutter requiring only a small arc of move¬ 
ment, will cut a pipe in an inaccessible place as shown, which with a roller cutter would 
be impossible. Accordingly, the wheel cutter is said to have a greater range than the 
roller cutter and is therefore to be preferred for general work. 


In cutting, the pipe cutter is placed around the pipe so that the wheels 
contact with the pipe. The tool is rotated around the pipe, tightening 
up with the screw stem each revolution until the pipe is cut. 

Oues. What is the disadvantage of a pipe cutter? 

Ans. It does not cut but crushes the metal of the pipe, 
leaving a shoulder on the outside and a burr on the inside. 

Strictly speaking, the name pipe cutter is a misnomer as it is nothing 
but a pipe “crusher”. This of course does not apply to the knife type 
which really cuts a pipe. 
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Figs, 7 and 8 — ;Appearance of pipe when cut by a hack saw or knife cutter and when cu 
by a wheel pipe cutter. When the latter is used,’the external enlargement must be re 
moved by a file and the internal burr by a pipe reamer, as shown in figs. 9 to 11. 



WRONG WAY 



Figs, 9 and 10 — Right and wrong way of removing the shoulder left on pipe end aft 
cutting with a pipe cutter. Obviously at each stroke, the file should be given a turni 
motion as indicated by the arrow and dotted position in fi^. 9, removing the exce 
metal through an arc of the circumference. The position of piiie is changed in the vi 
from time to time, till the excess metal is removed all around the pipe. When the oper 
tion is done, as in fig. 10, by moving the file in a straight line, it will result in a series 
flat places. 


; 
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Ques. What should be done with the burr and why? 

Ans. It should be removed with a reamer to avoid future 
trouble with clogged pipes. 

Plumbers of the alleged class will not bother about this, but in sen cling 
in the hill, they don’t forget to charge such items as candles, matches, 
; charcoal, gasoline, thread, oil, turpentine, red lead, waste, solder, rosin, 
hydrochloric acid, pipe cement, etc., at a very handsome profit. 



fe. 11—Method of removing burr from pij^e end with brace and a burring reamer. This 
p a job that should be thoroughly well done — no half way business, inviting future 
iclogging of pifie. 

: Oues. How about the external shoulder? 

Ans. A good pipe threader will take care of this, especially 
I its presence requires more “elbow grease’’ in starting the dies. 
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Fig. 16 — Method of starting die on hard thread. Sometimes owing to irregularity in sizeoL 
pipe or die it is hard to start the die in threading. This may be easily done with aid ofS 
plank as wedge, pressing against die as shown, the plank being prevented sbpping a 
the die by the small pipe which is telescoped into the pipe being cut. 


— Armstrong adjustable pipe stock and dies for double ended dies. Each a 
shown, have one size thread at one end and another size at the oth».'| 
di^ in the stock are in position for cutting 3^-inch thread and by revei»* 
they will cut ^-inch thread. The cut shows plainly the reference marks whichl 
register with each other in adjusting the dies by means of the end set screws to f 
standard size. Figs. 13 and 14 show dies removed from stock. 
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Owes. How is the pip>e threaded? 

Ans. With stock and dies. 

Ques. What kind of dies should be used and why? 

Ans. Adjustable dies because of slight variation in fittings 
especially cast iron fittings. 


- 


PRESS HERE 




Oues. How do you cut a thread with stock and dies? 

Ans. After securing the pipe in the vise, use plenty of oil in 
starting and cutting the thread. In starting, press the dies 
firmly against the pipe till they *‘take hold”. After a few turns 
blow out the chips and apply more oil. This should be done 
several times before completing the cut. When complete blow 
out chips as clean as possible and back off the dies. 












Fig. 18 — Nippie holder for use with hand stock and dies. As shown, the holder is double 
ended and holds two sizes of nipples, the one illustrated being for .3^ and % inch nipi)ltf': 
in canstructutn, there is a pm inside the holder having a flutod end which “digs into* 
the nipple end when pressed forward by driving down the wedge. In ttperation, thcl 
nipple is screwed by hand into the holder as far as it will go, then the wedge is driven 
down sufficiently to firmly secure the nipple. The holder is so arranged that when 
thread is cut, the nipple can be removed by simply starting back the wedge, whi(M 
loosens the inner part of the holder and allows the nipple to be easily unscrewed by haw 
The holder can be used for making either right, or right and left nipples. ; 


CRACKS 


END OF THREAD 



Fig. 19 —Makeshift nipple holder as used by some “steam fitters?” It mnsists nf a 
length of pipe having a coupling on one end. In nperatian, one end of the nipple is screwei 
into the coupling, and the die applied to the other end. In doing this, the turning foroB 
necessary to cut the thread being considerable, the coupling will be forced on the pipe (be¬ 
yond the thread) to some jwsition indicated by the dotted line, straining the couplii 
beyond its elastic limit and probably crackinjj same as indicated. The nipple thus 
is removed from the coupling and die by the aid of a Stillson wrench and some i)rofa 
The coupling now being in a condition known to a certain class of workmen as “on fft| 
fingfl* is replaced by a new one each time a nipple is to be cut. In sending in the 
the waste of time and couplings is of no consequence to an unscrupulous mechani 
l^ecause these items are charged to the customer along with such things as candlwl 
matches, charcoal, kerosene, oil, solder, red lead, hydrodhloric acid, liasf o<l oil, drvff^ 
rosin, putty, packing, graphite, gasoline, lamp black, cleaning fluid, etc., etc;, and whatcci!: 
fit a very HAISDSOME projit. 
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Cniuion — When drawing in your breath preliminary to blowing out 
chips, turn head away from die, otherwise chips may be drawn into your 
lungs. 




Ques. What should be avoided? 

Ans. Avoid the frequent reversals usually made by most 
pipe fitters. 

Considering the inferior quality of some of the dies now on the market, 
if your dies be alleged dies, better results will be obtained by taking 
wo cuts, first a light cut, then a finishing cut. 




Ques. What is a nipple? 

.\ns. A short piece of pipe 12 ins. in length and less, threaded 
Jt both ends. 

Oues. What about the usual method of cutting nipples as 
indulged in by some alleged plumbers and other nondescripts 
“■J for lack of proper tools. 

Ans. Such work should not be tolerated on first class jobs. 

Ones. How are nipples properly cut? 

^ Ans. By using a real nipple holder such as shown in fig. 18 
^tead of a makeshift contraption as in fig. 19. 

Ones. What is a Stillson wrench? 

, Ans. A. variety of monkey-wrench having serrated teeth 
m which enable it to grip a pipe or round surface to turn it 
;ainst considerable resistance. 

Ques. How is an internal or female thread cut? 

.\ns. By means of a pipe tap. 

Ques. What is a pipe tap? 

.Ans. A conical screw made of hardened steel and grooved 
longitudinally. 
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The following table gives drill sizes which permit of 
tapping without reaming the hole beforehand. 

Drill Sizes for Brigjgs Standard Pipe Taps 

(For direct tapping without reaming) 


Size of pipe 

Vs 


Vs 



1 



2 

2J4 

3 

1 ^ 

Size of drill 

a 

’4 

^6 

It 

ft 

1* 

Hi 


2|i 

2^ 

3K 

3|H 


Drill Sizes for Pipe Taps 


Size Tap 
IhcheS' 

eniGGS STANDARD 

BRITISH (Whitworth) 
STANDARD 

Thread 

Drill 

Thread 

Drill 

H 

27 


28 

*4 

K 

18 


19 

*4 

H 

18 


19 

•4 

H 

14- 


14 

**4 

H 

.... 


14 

«»4 

H 

14 


14 

**4 

H 



14 

1*4 

1 

IIH 

IH 

11 

1*4 

IH 

llH 


11 

IH 

IH 

IIH 

1**.6 

11 

1**4 

IH 



11 

1**4 

2 

UH 


11 

2*4 

2H 

.... 

.... 

11 

2**4 

2H 

8 

2*/i» 

11 

2»»4 

2H 

.... 

.... 

11 

3*4 

3 

8 

3*4 

11 

3*4 

3H 

.... 


11 

3H 

3H 

8 

3»*4 

11 

3H 

3« 

.... 

.... 

11 

4 

4 

8 

4*4 

11 

4k 

4H 

8 

4**4 

U' 

4k 

5 

8 

5K 

11 

5k 

5H 

.... 


11 

5k 

6 

8 

6*4 

11 

6k 

7 

8 

7*4 

11 

7*4 

8 

8 

8*4 

11 

8*4 

9 

8 

9*4 

11 

9*4 

10 

8 

104 

11 

104 



The table at the Id 
Greenfield)» gives- 
sizes for pipe taps for 1^ 
the Briggs or 
Standard, and Whitw 
or British Standard. , 


».22 
the pi 


Figs. 20 and 21 — Pipe tap and | 
reamer. 


, 24- 
[ One et 
F down ( 
^ ft guid( 
[ upper 
j of a d< 
l^rillin^ 
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of drilling a pipe for tapping where a crow is not available. 
^ placed under the edge of a timber, as shown, while a helper bears 
on the other end, sliding the lever in contact with a vertical timber, using it as 
IS adopted it is not necessary to operate the feed screw in the 
the lever follows it down. This could not be done in the case 
drill would be carried out of place, but it is all right for 
pipe as shown. 


PLACING CENTER PUNCH 
MARK IN LINE WITH FEED 
SCREW 


22 and 23 Pi]^ drilling and method of using. Note the point of the feed 
purpose of both center punch marker (fig. 22) and guide for drill (fig. 23). 
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Pipe Bending.—With the proper tools, pipes may be ben| 
within certain limits without difficulty. 

Ones. How may pipes be bent by hand without the use ( 
special tools? 

Completely fill the pipe with dry sand and cap tb 
that the filling will be retained. Heat the part to bel 


; clamp the pipe in a vise as close to the part to be benta^ jj. 
le. Now cool the outside with water so that the insid^ 
being hot and plastic is compressed as the bend is made. 


Assembling. — By definition, assembling is: The operatk 
of putting together the various lengths of pipe and fittings u 
an installation. 


Oues. What do they mean by the term ''make up 




> — Pipe bending tool. 
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Ans. If no mistakes have been made in cutting the pipe to 
the right length or in following the dimensions on the drawing, 
(blue print) and the latter be correct, the pipe and fittings may 
be installed without difficulty, that is, the last joint will come 
together or “make up”. Fig. 27. 

Oues. Of what does a last joint consist? 

Ans. Either a union, a right and left, or long screw joint. 





Figs 26 and 27—Detail of feed line ready to “make up”. Fig. 26 shows poor workmanship, 
lupple h, being too short rendering it difficult to bring together the make up joint Fig 27 
shows good workmanship; here the male end of the union will easily spring back into 
position in making up the joint. 


Oues. How do they put together screwed joints? 

Ans. Red or white lead pigment mixed with graphite and 
linseed oil or some standard pipe cement is used. 

Oues. What should be done before making up a screw joint? 

Ans. The pipe ends should be reamed; 2, the internal sur¬ 
face of the pipe thoroughly cleaned of any cuttings, grit or 
other foreign matter, and 3, to insure a tight joint, the threads 
should be thoroughly cleaned (scrubbed) with an old tooth 
brush having hard bristles. 
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Ques. Are perfect threads necessary to make a tight joint 
Ans. No. 


piece: Of GLASS 


BRUSH WHEN 
IT IM USE 



Fig. 2^Method of applying red lead or other material to male thread with an old tooft 
^ush. The pipe 18 rested against the bench or other support and turned by the left haol 
in the direcUon indicated by the arrow while the joint material is applied with the bnai 
as shown. It is unnecessary to put much material on the threads, as it wiU be simplF 
pushed out and wasted when the joint is screwed up. It should, however, be put«' 
evenly and cover all the threads, care being taken not to let any touch the ream^end 
of the pipe where it may-get ii^de. The red lead is preferably obtained in the powdff 
lorm and mixed with oil and a little dryer at the time the pipe is to be made up G^i 
clean piece of glass on which to prepare the lead. The tooth brush should be laid on the 
gl^ after applying the lead, ta avoid getting grit on the brush and paint on the tabk 
When grit becom^ mixed v^th the lead it prevents close contact of the filling and pipti 
thus making the joint less efficient. ® 


Ques. What is necessary for tight joints? 

Ans. Clean threads, proper cement, and proper screwing 
with Stillson wrench—neither too much nor too little. 
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pipe was figured on sizes 3 inch and smaller and lap welded pipB sizes 3)^ inch and larger. 
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^ample: The dotted line shows that 
the resistance of a 6-inch Standard El- 
ww is equivalent to approximately i6 
feet of 6-inch Standard Pipe 

Note: For sudden enlargements or sud* 
den contractions, use the smaller diame* 
ter, d, on the pipe size scale. 


3000 

-2000 


-300 

-200 


Sudden Enlargement- 

‘‘/d- 14 
d/D- M 


Medium Sweep Elbow or_ 
run of Tee reduced ^ 


Long Sweep Elbow or — — 
run of Standard Tee 

Fig. 29— Diagram showing 
to f'rane. 


Sudden Contraction 

d/D-l4 
d/D-34 


45* Elbow 
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a 4H 
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resistance of valves and fittings to flow of liquids accordii^ | 
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CHAPTER 15 


Measurements: Offsets 


1. MEASUREMENTS 


There are two methods by which pipe fitting may be done: 

1. By “eye'' and approximate measurements, or 

2. Entirely by measurements scaled on a drawing. 

The first method is a hit or miss process and requires an 
experienced fitter to make a good job, whereas, the second 
method is one of precision and is the better way. 

In actual practice, a combination of the two methods will, 
in some cases, save time and give satisfactory results. 

Ones. What is the advantage of the second method — that 
is working from a drawing with all dimensions? 

Ans. Especially in the case of a big job all the pipe may be 
cut and threaded in the shop so that at the place of installation 
the only work to be done is assembling. 

Ques. In making a drawing upon what are the measure¬ 
ments based? 

Ans. The distances between “centers" (of fittings). 












General Dimensions of Straight Sizes 

Standard 150-Pound Fittings 
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Ques. What data is necessary to locate these centers? 

Ans. A general dimension drawing with accompanying table 
as in figs. 1 to 15. 

These dimension drawings and table should be the one corresponding 
to the make of fittings used, on account of any possible variation. How¬ 
ever, the different makes are pretty well standardized. 



D = A-2B + 2C 

Fig. 16—Diagram showing how to obtain the actual length of a pipe connecting two fittings. 

Ques. How are measurements taken for pipe lengths? 

Ans. The actual length of a pipe is equal to the distance 
between centers (of fittings) — 2 X distance center to face 
of fittings + allowance for threads. 

That is, in fig. 16 

D = A — 2B + 2C 

Ques. How is the allowance for the length of thread (dimen¬ 
sion C, fig. 16) that is screwed into the fittings to make a tight 
joint obtained? 
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Ans. From a table furnished by the manufacturer. i 

This allowance called dimension A in 17 , I 

values given in the accompanying table. to thej 




Length of Thread on Pipe 

(Necessary to make a tight joint. Dimension A) 


Size 

‘inches 

Dimen¬ 

sion 

A 

inches 

Size 

inches 

Dimen¬ 

sion 

A 

inches 

Size 

inches 

1 Dimen¬ 

sion 

A 

inches 

Size 

inches 

y» 

M 

Vi 

•'U"- 

H 

Va. 

H 

"Vi' 

k 

V 

H 

3 

4 

1 

ihs 

m 

6 

7 

8. 

9 

10 

" 1 

2 

2V 

% 

4)4 

5 



sion 

A 

inches "1 
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Example.— Find the length of the pipe connecting the 2-in. elbows 
in fig. 18. 

Here (using the letters of fig. 16), A = 12 ft., B = 2^4 in.; C = ^!/{6in. Thus, 

D = A - 2B + 2C 

= 12 ft. —2x2}4 ins. + 2 x ins. 

= 12 ft. — 4^ 2 ins. + ins. 

= llft.7Hins. + 1 ^ ins. = 11 ft. 8 7^ ins. 

Complete Drawing. — A working drawing showing center 
lines and distances between centers of an installation is shown 
in fig. 19. This gives all the information necessary except the 
actual length of the pipes and these lengths are obtained as 
just explained. 

; In the drawing note that only the fittings are indicated, it 
^ king not necessary to draw the pipes, some of the pipe lines are 
; labeled for identification. 



t FteJS—Pipe connecting two elbows spaced 12 ft. centers to illustrate the accompaning 
mmple which shows how to calculate the actual length of the pipe. 
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2. OFFSETS 

By definition (in pipe fitting) an offset is: A change of dired 
(other than 90°) in a pipe bringing one part out of, but para 
with the line of another. Thus in fig. 20, it is necessary to chai 
the position of pipe line L, at A, to some parallel position aatl 
of line F, because of some obstruction such as the wall E, of i 



Pig. 19—Center line sketch with dimensions for the method of pipe fitting entireM 
measurement. This should not as a rule be an elaborate drawing, but simply a free-M 
pencil sketch. Frequently such sketch is made by the fitter when beginning the job « 
serves not only as a dimension sheet but as a guide for the general piping scheme US 
the fitter has in mind. It should be understood that with the multiplicity of fittn 
available there are any number of ways in which the piping may be arranged and'! 
fitter’s ability may be judged by the general arrangement of piping which he adopts, H 
center line sketch shows arrangement of piping in author’s steamer Stornoway I. 
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’building. When the two lines L and F are to be piped with elbows 
other than 90“ elbows, the pipe fitter encounters a problem of 
finding the length of the pipe H, connecting the two elbows A 
and C, also to determine the distance BC, in order to fix the 
point A, so that the two elbows A and C will be in alignment. 



r 




■* PUMP CONNECTION FACE * 

... - ' 



\ 

V 


f 




]. 



r 

M S 

'"4 




Fig. 21- Pipe fitting detail showing method of measuring pipe length. 
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pip® AC, and either ofe 

(AB or BC that may be required) are quickly calculated by solving t 
triangle ABC, for the desired member, but this involves taking the square 
root which is not understood by every mechanic, hence an easier methi 
will be given for those having limited knowledge of mathematics. 

1st Method. 

In the triangle ABC 


AC‘= AB'+ BC2 


from which 


AC 


= Vab 


'+ BC'. 


Examine. If in fig. 20, the distance between pipe lines L and F be 

aco'"!; pip® i® required to connect wnthtbe 

45 elbows A and C. 

eqiSIdonfl) i*®”®® substitutingi. 

AC = V202+202 = V800 =28.28 ins. 

It should be carefully noted that the value for the length oB 
the pipe as just obtained does not allow for the projections o 
the elbows and these must be taken into account. This is shofti 
in fig. 22. 

2nd Method 

The following rule will be found convenient for calculating 
45° elbows. * 


Rule. - F or each inch of offset add § of an inch and the resd 
will be the length between centers of the elbows* 

£*omp/e.-Calculat® length AC (center of elbows) of the precediia 
example by the above rule. 


11 
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f adding this to the offset 


„„ 53 1060 

128 ° 


20+8% =28% 



calculated and actual length of connecting pipe with elbows other than 
^ carefully the allowances or deductions from calculated length for proiections 

of elbows. 

I 

( This is the calculated length, and to obtain the actual length, deduct the 
allowance for projection of the elbows as shown in fig. 22. 


[ 3rd Method 

I There are elbows of angles other than 45°, such as 223 ^, 
113^, etc., which the pipe fitter often encounters. For such. 



















L 

Fig. 23.—Diagram for elbow constant as given in accompanying table. 

Elbow Constants 


Angle of Elbow 


60 

45 ^ 

30 ^ 

5H" 


Elbow Centers 
AC 


1.15 

1.41 

2.00 

2.61 

5.12 

10.20 


NOTE.—In the above table the letters refer to fig. 23. 


the distance between elbow centers can easily be found 
of the following table of constants. 

In using the table here given, use is made of 
which follows: 


Rule . — To find length between centers of elbows 
by constant for the elbow used. 


Offset 

AB 


2.41 

5.02 

10.15 
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Natural Trigonometrical Functions 


Degree 

Sine 

Cosine 

Tangent 

Secant 

Degree 

Sine 

Cosine 

Tangent 

Secant 

0 

.00000 

1.0000 

.00000 

1.0000. 

.46 

.7193 

.6947 

1.0355 

1 4395 

1 

.01745 

.0998 

.01745 

1 0001 

47 

.7314 

.6820 

1.0724 

1 4663 

8 

.03490 

.9994 

.03492 

1 0000 

48 

.7431 

.6691 

1..1106 

1.4945 

8 

.05234 

.9986 

.05241 

1.0014 

49 

.7547 

.6561 

1.1504 

1 5242 

4 

.06976 

.9976 

.06993 

1.0024 

50 

.7660 

.6428 

1.1918 

1 5557 

0 

.08716 

.9962 

.08749 

1.0038 

'Ol 

.7771 

.6293 

l.'SStO 

1 5890 

0 

.10453 

.9945 

.10510 

1.0055 

52 

.7880 

.6157 

1.2799 

1 6243 

7 

.12187 

.9925 

.12278 

1.0075 

53 

.7986 

.6018 

1.3270 

1 6616 

8 

.1392 

.9903 

«1405 

1.0098 

54 

.8090 

,5878 

1.3764 

1.7013 

8 

,1564 

.9877 

.1584 

1.0125 

55 

.8192 

,5736 

1.4281 

1 7434 

>0 

.1736 

.9848 

.1763 

1.0154 

56 

.8260 

.5592 

1.4826 

1.7883 

It 

.1903 

.9816 

.1944 

1.0187 

57 

.8387 

.5446 

i.5399 

1.8361 

U 

J.2079 

.9781 

.2126 

1.0223 

58 

.8480 

.5299 

1.6003 

1.S871 

13 

-.2250 

.9744 

.2309 

1.0263 

59 

.8572 

.5150 

1.6643 

1.9416 

14 

.8410 

.9703 

.2403 

1.030C 

60 

.8660 

.5000 

1.7321 

2.0000 

IS 

.3588 

.9650 

.2679 

1.0353 

61 

.8746 

.4848 

1.8040 

2.0627 

IS 

.2756 

.9613 

.2867 

1.0403 

62 

.8829 

,4695 

1.8807 

2.1300 

17 

.2924 

.9563 

.3057 

1.0457 

63 

.8910 

.4540 

1.9626 

2.2027 

18 

.3090 

h9511 

.3249 

1.0515 

64 

.8988 

.4384 

2.0503 

2.2812 

19 

.8250 

.9455 

.3443 

1.0576 

65 

.6063 

.4226 

2.1445 

2.3662 

SO 

.8420- 

.9307 

.3640 

1.0642 

66 

..9135 

.4067 

2.2460 

2.4585 

91 

.8584 

.9330 

.3839 

1.0711 

67 

.9205 

,3907 

2.3559 

2.5593 

S3 

.0740 

.0272 

.4040 

1.0785 

68 

.927*2 

.3746 

2.4751 

2.6695 

83 

.8907 

.9205 

.4245 

1.0S64 

69 . 

.9336 

.3584 

2.6051 

2.7904 

S4 

.4067 

.9135 

.4452. 

1.0946 

70 

.9397- 

.3420 

2.7475 

2.9238 

85 

.4220 

.9063 

.4663 

1.1034 

71 

,9455 

.3256 

2.9042 

3.0715 

86 

.4884 

.8988 

.4877 

1.1126 

72 

.9511 

.3090 

3.0777 

8.'2351 

87 

.4540 

.8910 

.5095 

1.1223 

73 

.9563 

.2924 

0.2709 

3.4201 

88 

.4005 

.8820 

.5317 

1.1326 

74 

.9613 

.2765 

0.4874 

3.5279 

89 

.4848 

.8746 

.5543 

1.1433 

75 

.9656 

.2588 

3.7321 

3.8537 

00 

.6000 

.8000 

.5774 

1.1547 

76 

.9703 

.2419 

4.0108 

4.1335 

11 

.6150 

:8572 

.6009 

1.1666 

77 

.9744 

.2250 

4.3315 

4.4454 

03 

.8290 

.8480 

.6240 

1.1792 

78 

.9781 

.2079 

4.7046 

4.8097 

03 

.5440 

.8387- 

.M94 

1.1924 

79 

.9816 

.1908 

5.1445 

5.2405 

04 

.5592 

.8290 

.6745 

1.2062 

80 

.9848 

.1736 

5.5713 

5.7585 

05 

.6730 

.8101 

.7002 

1.2208 

81 

.9877 

.1564 

6.3135 

6.3924 

06 

.6878 

.8090 

.7265 

1.2361 

82 

.9903 

.1392 

7.1154 

7.1850 

89 

.6018 

.7086 

.7536 

1.2521 

83 

.9925 

.12187 

8.1443 

8.,2055 

00 

.6157 

17880 

.7813 

1.2690 

84 

.9945 

.10453 

9.5144 

9/5568 

09 

.6203 

.7771 

, .8098' 

1.2867 

85 

.9962 

-.08716 

11.4301 

11 '474 

40 

.6428 

.7600 

. .8391 

1.3054 

86 

.9976 

.06976 

14.3007 

14.335 

41 

.6561 

.7547 

.8693 

1.3250 

87 

.9986 

.05264 

19.0811 

19.107 

48 

.6691 

.7431 

.9004 

1.3456 

88 

.9904 

.03490 

28.5363 

28.554 

40 

.6820 

.7014 

.9325 

1.3673 

89 

.9998 

.01745 

67.2900 

57.290 

44 

.6947 

.7193 

.965r 

1.3902 

90 

1.0000 

lot. 

Inf. 

laf. 

45 

.7071 

.7071 

1 oboo 

1.4142 


— 

•— 

. — 



NOTE.—for intermediate values reduce angles from degrees, minutes and seconds to 
deg^saod decimal parts ofadegrec (as 40®.2r30*-40.358«) interpolate or consult a larger 
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That is, referring to fig. 23. 

AC = offset AB X constant for AC.(1) 

BC = offset AB X constant for AB.(2) 

Example. — If in fig. 23, the distance between pipe lines L and F, 
(offset AB) be 20 ins., what is length of offset BC, and distance AC, 
between center of elbows, for 223 ^ 2 ° elbows. 

In the table, constant for AB, with 223^° elbow is 2.41. Substituting 
values in equation (2). 

BC =20X2.41 =48.2 ins. 

For distance AC, between centers of elbows, find in table constant for 
AC =2.61. Substituting in equation (1). 

AC =20X2.61 = 52.2 ins. 

4th Method 

Offsets may be calculated by aid of trigonometry and if the 
reader do not understand that subject he should look it up 
in the Author's Machinist's Guide. The following example will 
illustrate calculation by trigonometry. 

Example. — In fig. 23, page 232, what is the length of the offset AB 
when angle ‘^ = 60° and AC =8 ft.? 

From table on page 233, Sine 60° = .866. 

Length offset AB = .866 X8 = 6.93 ft. 
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CHAPTER 16 

•V 

Radiators, Convectors 
and Unit Heaters 


By definition, a radiator is: A heating unit which transmits 
neat from direct heating surface principally by radiation. 

By definition, a convector is: A heating unit which transmits 
neat from a heating surface having a large percentage of extended 
fin surface emitting the heat principally by convection. 


1. Radiators 

Oues. How does a radiator transmit heat? 

Ans. An exposed radiator transmits approximately half of 
Its heat by radiation, the amount depending upon the size and 
number of the sections. 


Oues. How does it act when enclosed or shielded? 

Ans. The proportion of radiation given for exposed radiators 
IS further reduced. 


emission is by conduction to the air in contact 
wth the heating surface, and the resulting circulation of the air warms 
by convection. wdims 
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Rating of Radiators.—Repeated tests have shown that tMM 
amount of heat given off hy ordinary cast iron radiators per* 
degree difference in temperature between the steam (or water) »«' 
the radiator and the air surrounding same, to be about 1.6 B.Lv ■ 
ver sq. ft. of heating surface per hmir. I 

240 I 

Ques. What does the figure 240 mean.^ I 

Ans. It is the amount of heat in B.t.u. given off by ordinaJ 
cast iron radiators per sq. ft. of heating surface per hour und^ 
average conditions. 

Ques. Upon what is it based? 

Ans. A radiator will give off heat at the 240 B.t.u. rate when 
supplied with ^team at 23 ^ lbs. pressure (220°), surrounding ail 
70°Fahr. 

That is 

(220—70) XI.6 =240 B.t.u. 

Data. 

sq. ft. steam radiation = 1.6 sq. ft. hot water radiation. 

sq. ft. steam radiation = 1.4 sq. in. of hot air pipe area. 

Radiator Types. — As made to-day, radiators may be 
classed as: 

1. Tubular 

2. Wall or window. 

__iL 








Heating Surface in Square Feet in Tabie Foiiowing 
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I. 1 to 6 — Various types of Column cast iron radiators. 



































TUBULAR CAST IRON RADIATORS 
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L 7 to 11 —Various types of tubular cast iron radiators. 
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The small tube type now is the prevailing type with spacing 
of 1^4 inch per section. The large tube type with spacing of 
2^ inch per section has been discontinued. 


Ques. What are the features of small tube radiators.^ 

Ans. They occupy less space and are specially suited for 
installation in recesses. 


RADIATION TABLE 

For Column Cast Iron Radiators 


sqOare feet per section 


HCIGHT OF 
RADIATOR 

45 

3d' 

32 

29 ■ 

26" 

23 

22 ' 

>0" 

18 “ 

18 " 

13 " 

Single 

C0LIM4N 


3 

2 ; 


2 

'! 

If 

'2 




2 COLUMN 

5 

4 





< 

2 




3 COLUMN 

6 

5 





3 





4 COLUMN 

10 

6 



t 


4 


3 



5 COLUMN 


10 

6 


7 


6 





6 COLUMN 








5 

^2 















WINDOW 
RADIATOR « 








5 



3 

i 2COLUMN 

HOSP RAO 

5 

4 

n 



•n 


2 




WALL 

RADIATOR 




TOTAL 

9SQ 

AREA 



TOTAL 

7SQ. 

AREA 




tOTAL 

5SQ 

AREA 


Figs. 1 to 6 show various column cast iron radiators and figs. 7 to 11 
various tubular cast iron radiators. The heating surface of these various 
radiators is given in the accompanying tables. 
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2. Convectors 

Oues. Upon what are convectors dependent? 

Ans. They are dependent upon enclosures to provide the 
circulation by gravity of large volumes of air. 

V,*ues. How does a convector give off heat? 

Ans. Practically all of the heat is transmitted by convection. 

RADIATION TABLE 

For Tubular Cast Iron Radiation 





SQUARE FEET PER SECTION | 

HEl^HTOF 

RAOIATDP 

45~: 

38* 

36' 

34 

32' 

30" 

26' 

2 3' 

20' 

IS' 

17* 

'^2 

14 ' 

'4 

3 TUBE 




»! 

3 

3 

23 

2 







A TUBE 


< 

< 




ro 

^'2 

< 






5 TUBE 


5 


5 



^2 

3 







6 TUBE 


8 

a 


S 


4 


3 






TTU8E 


a 

7 


•5 


-2 




3 • 



















IwiNOOW 









H 


3 




1 SECTIONS 

4 S'lJbNO 















1 HotmTAL 

1 STUM 





3 











Ones. When does a radiator perform as a convector? || 
Ans. When it is placed in a cabinet or enclosure constructeal 
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I so as to give a draught by the air passing over the radiator, and 
iOut through suitable openings. Such arrangement may be 
Mled a gravity radiator convector. Fig. 12. 

Oues. What is the difference between a radiator and a 
iconvector.^ 


{GRAVITY RADIATOR CONVECTOR 



1 Sss sss £.33 

j comes a natural draught convector. See fig. 14. ^ assembly then be- 


Ans. A convector has the heating surface augmented with a 
multiplicity of fins and is enclosed in a cabinet so constructed 
as to induce a draught thermally. 
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Fig. 13 shows a typical convector element consisting of a tube tol 
which is attached a multiplicity of fins. * 

Oues. How does a convector work.^ 

Ans. In fig. 13, steam enters at A, and heats the tube air] 
and condensate passing off at B, through a thermostatic valvej 
(not shown). When the tube is heated the heat is transmitted! 

CONVECTOR ELEMENT 


OONVECTION CIRCOLATION 



AIR AND 
CONDENSATE i 
OUTLET 




FINS 


! t I 


COLD AIR RISING 


HEATING TUBE 


n the actual convector element there are numerous heating tubes and attached fins. ’ 

I to the fins by conduction through the metals. The heat trans-l 
mitted to the fins is transferred to the air by convection, the ^ 
heating of the air causing a brisk circulation. 


Ones. How is the convector element mounted? 
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Ans. The convector element is enclosed in a case having a 
cold air inlet and a warm air outlet grill similar to that in fig. 12. 
This is to obtain maximum chimney effect, that is thermal 



CONVECTOR ELEMENT 


speaking natural draught convector consisting of: 1. Convector unit 
^ afr griife oXt.''"*"^ and at the top a 

3. Unit Heaters 


Oues. What is a unit heater.*’ 

Ans. A forced draught convector. 

The essential elements of a unit heater are: 1. A fan and motor; 2 a 
heating element, and 3, a housing with inlet ports and outlet deflector 
vanes, that is diffusers. 
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Oues. How are the various types of unit heaters classified^ 
Ans. 1. By type of heating; 2, by type of fan; and 3, byl 
arrangement of elements. 

Fig. 15 shows the essentials of a unit heater, viz: 1. Heating element 
or steam tube with attached fins; 2, casing; 3 and 4, fan and motor; 5,| 
deflector vanes. 


UNIT HEATER 


STEAM INLET 


FAN 


DEFLECTOR VANES 


DIRECTED HOT AIR 

FORCED DRAUGHT 

CURRENTS 



HEATING TUBE 


CONDENSATE AND AlR OUTLET 


Fig. 15—Sectional view of elementary unit heater consisting of: 1. Convector heating 
2 and 3, motor and fan for forced draught; 4, casing or housing provided; 5, defledfl! 
vanes. TTie air comes in at the openiiig for the fan and is forced out through the deflectfll 
vanes. 

Ques. What is the distinguishing difference between gravity 
convectors and unit heaters.^ 

Ans. Natural draught and forced draught. See figs. 14 and 15. 

Ques. What is the effect of the forced draught.^ 

Ans. It greatly increases the capacity of the unit heater. 
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CHAPTER 17 


Vents and Venting 


^ Were it not for the fact that water contains mechanically 
toixed with it 1/20 or 5% of its volume of air at atmospheric 
)ressure, there would not be so many faulty acting heating 
nstallations. 


Oues. What should be noted about this air? 

I Ans. This air is liberated during vaporization and as a 
tesult, as steam starts to fill a heating system it can enter the 
adiators only as fast as the air escapes. 

Ones. What is the basic difference between coal and oil 
mrner heating? 

, Ans. With coal, heating is continuous, but with oil burner, 
It is intermittent, that is “on” and “off”. 

Oues. What is the result of these two methods of heating? 
Ans. The type venting which will work satisfactorily on 
a coal burning system will not be satisfactory on a conversion 

7ob. 

Oues. Why? 

Ans. With the coal burning system, steam is always being 
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generated, hence when the air is once forced out of the systen 
it stays out as long as steam is being generated and the radia? 
tors remain hot. With the ‘‘on'' and “off" cycle some remote 
radiators will remain cold. ■ 


Oues. Why? 

Ans. The cold radiator didn't heat up because with the 
usual slipshod installations, the cheapest air valves obtainable 



were installed with result that the air was not forced out in 
time for the steam to reach the remote radiators before the 
thermostat was satisfied” and turned off the burner each cycle.] 


Oues. What kind of air valve should be used on automatic 


oil burner systems? 

Ans. The adjustable type. 
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ADJUSTABLE 



COLO 


HOT 




IZ: 






3 




HALF 

HEATED 


r 

HALF HEATED 


Figs. 2 and 3— Equal heating of small and large radiators with adjustable air valves: 
. Note bv adjusting or “tuning” the adjustable air valves the radiators heat at an equal 
rate. Also note valve for the large radiator is wide open and air valve for the small 
■ radiator is half open The adjustment of either valve is made by the screw A. 



Ihr. 4 — Result of putting a ridiculous toy valve on the end of a main. An unscrupulous 
J mechanic interested in chiseling knows perfectly well it will not be satisfactory. Some 
t times its the work of a greenhorn. For such installation, radiator B, at the end of the- 
p Hue will probably remain cold permanently because of the “on” and cycle. 
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The results obtained by using non-adjustable and adjustable air valves 

are shown in figs. 1 to 3. 

Cues, What is the result of putting a ridiculous toy air 
valve on the end of a long main as is usually done by non¬ 
descripts (fig. 4)? 

Ans. The end radiator on a long main will probably remaiB 
cold permanently because the alleged air valve on the end of 
the main cannot rid the system of air before (in the case of an^ 
oil burner) the “on” period is completed and the thermostat 
shuts off the burner. 

Owes. What type air valve should be put on the end of the 
line? 

AnS. A quick vent should be put at the end of the line as 
in fig. 5. 


BOTH RADIATORS 



Pjc 5—Quick heating of radiators when the main is adequately vented. 
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Oues. How can an obstinate radiator be made to heat? 

Ans. Apply double, or in extreme cases, triple venting as 
m fig. 6. 


Holding Back by Throttling.— The purpose of adjustable 
air valves is to synchronize the heating of the various radi¬ 
ators by throttling. 


Case Radiators all the same size. 

Where all the radiators are of the same size, venting adjustment for 
nS obSJnaSe^ ^ conditioa. 


TRIPLE VENTING 

FOR obstinate radiator 



^inary methods are tried™ f*'Sa'pp^?catio^of*?he'tr^^^ stubbornly stays cold, although 

»-thi„g will. /„ operation, if t^^^Sr >??* Pr<>dVee results 

period, it 






































DEGREE OF THROTTLING 
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111 


m 

O 




Case 2 . — Several radiators of small size and one of large size. 

To try to synchronize as in fig. 7 is objectionable, because it takes much longer to discharge the air 
out of the large radiator than out of the small radiator. 
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TWICE VENTING RATE 



i 


Owes. What should be noted about adjustable air valves? 
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Fig. 10—Maximum speed in venting a difficult installation. 
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SINGLE QUICK VENT 
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; Ans. They perform more dependably when adjusted for 
! relatively high venting rates than when throttled to nearly 
closed positions? 

Oues. How can you put two air valves on a radiator when 
j there is only one opening. 

Ans. Very easy if you have a in. pipe tap and a drill of the 
proper size. 

: 

\enting the Mains. As before stated, water contains 
.mechanically mixed with it 1/20 or 5% of its volume of air 
at atmospheric pressure which is liberated during vaporization, 
i This is the curse of any steam heating system. It no longer 
remains a curse if proper steps be taken to rectify the faults of 
the original installation. 


Oues. What kind of air valve should be used on the mains? 

I Ans. What is known as a quick vent (largest size) and in 
case of long mains two or more of these air valves. See fig. 11. 

, 


* Changing a One Pipe System Into a Vacuum System. 
B— A system of this kind can be easily changed into a natural 
vacuum system by following the following directions. 


Clean boiler thoroughly with a good cleaning compound. Fire the 
, , pressure maintained, check the entire system for 

leaks. Carefully inspect all radiators, pipes and fittings, also the boiler 
connections and trimmings. Then carefully repair all the leaks revealed 
that IS, make the entire system air tight as success depends upon this. 

As an additional precaution repack all the supply valve stuffing boxes. 
Also make sure that boiler gauge glass nuts are properly packed and 
tightened. Replace steam gauge with a compound gauge reading 30 inch 
vacuum and 15 lbs. pressure. 
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Figs. 13 and 14.—Marsh No. 17 float and thermostatic trap with thermostatic diaphragm 
air by pass valve. Roughening dimensions are given in figs. 15 and 16 below. 


T his trap is designed for removal of air and con¬ 
densate from steam mains, branches or risers and 
its operating characteristics make it especially desirable 
for installation on Unit Ventilators, unit heaters or other 
equipment which may be subjected to freezing tempera¬ 
tures during periods when the heating system is not in 
operation. 

The outlet discharge valve is water sealed at all times 
and the air vent is located in the Trap Bonnet. The ther¬ 
mostatic element screws directly into the trap body and 
is the standard assembly used in the Marsh No- 2 
Thermostatic Diaphragm Trap, the parts being inter¬ 
changeable. Normally air is discharged through a port 
directly to the outlet connections of the trap 

As illustrated the body of the trap is provided with 
one union inlet connection and one tapped 
outlet. 

A brass removable strainer is installed in the inlet 
connection, and can be removed for cleaning by discon¬ 
necting the tailpiece nut. 

The No. 17 Trap may be readily suspended on the 
piping itself with no other means of support required 

All working parts are easily accessible through the 
removable trap bonnet. 


Interior parts are of bronze and stainless steel with the 
exception of the float which is a seamless copper float. 
Trap is tested for a working pressure of 15 lbs. per 
square inch. 


Roughing-in Dimensions and Capacities 



CAPACITIES IN POUNDS OF CONDENSATE PER HOUR 
AT VARIOUS PRESSURE DIFFERENTIALS 


Differential Pressure in 
lbs. per sq. in '. 

H 



H 

1 

2 

5 

10 

15 

Condensate in lbs. 

50 

70 

100 

120 

140 

200 

210 

220 

230 


Ratings are in accordance with the standards adopted by the 
Steam Heating Equipment Manulacturers Association, providing 
for the continuous elimination of air when the trap is operating 
at its maicimum rating. 
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Replace each radiator air valve with a vacuum valve and the mains 
with quick vent vacuum valves. Paint threads of valves and necessaryl 
nipple connections with white lead before installing. Fig. 12 shows a 
typical installation. 

Oues. How do you test the system? 

Ans. Fire the boiler and raise a steam pressure of five lbs. 
or more. With this pressure maintained again check the system^ 
for steam leaks. Then permit the system to cool. As the system,; 
cools sufficiently a partial vacuum should be indicated on the 
compound gauge. 

Oues. If the gauge do not show a vacuum or indicate a 
rapid loss of vacuum, what whould be done? 

Ans. The job should be checked for leaks. Watch the water 
level glass for air bubbles. If any arise at this point, tighten the 
packing and pet cocks. 
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CHAPTER 18 


Points on 



The student who has really kept his mind on what the author 
! had to say in reading Chapters 1 to 17, will realize that the 
author has tried to hammer into the student’s mind certain 
basic principles relating to thermal physics and to all the heat- 
. inj systems ordinarily met with. 

[' While the foregoing theoretical explanations are educational 
: and vital, up to now, no “elbow grease’’ in handling an 18 or 
;24 inch Stillson wrench has been considered to say nothing of 
■; theB.hM’s necessary to cut threads on a 2 or 2)^ inch pipe— 
especially with the “kind” of alleged dies available today. In 
this connection the increase in length of stock arms is notice- 
: able but leave us not dwell on this painful subject. 

End Connections used in Piping.—In addition to the 
: very extended treatment of pipe fittings, already given, the 
fitter should know the various end connections employed to 
join valves and fittings. 

, Knowing common types is important because materials are 
: identified by their type ot end connection. 

; Pipe may be ordered with threaded, flanged, welded or plain ends and 
f ^ be prepared on the job for the type of connection required. 
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Figs, 1 to 7. —Common types of end connections used in piping. We see here female, male, soldered or braised union and 
flanged connections. 
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|; Figs. 1 to 7 show the types of end connections most commonly used on 
valves and fittings, although not all materials are available in all types of 
end connections. Each type has one or more variants, with steel joints 
|: perhaps having the greatest variety. 

( Points on Pipe Fittings.—They are made in the same 
variety of metals as valves, that is in: Brass, iron, steel and 
various alloys. They come in the same pressure classes as valves. 

f Owes. What other points should be noted? 

Ans. Fittings are made with the same end connections as 
valves, however, not all types of fittings are made in all sizes 
and materials. 

Ones. What are the identification marks? 

Ans. Cast iron fittings have wider end bands than are put 
on malleable fittings. Brass fittings are identified by their 
color. Forged steel fittings are marked as such, with some the 
letters F.S. Cast steel materials are usually marked ''STEEL" 
and when new, they are generally painted in light gray or 
I aluminum. 

Ones. What is a pipe fitter up against on jobs in districts 
i remote from large supply houses ? 

I Ans. The local dealer's alleged "stock" of fittings is far from 
I complete; he usually has everything except what you need to 
^ complete the job. 

Ones. What should be avoided in designing a piping in- 
( stallation? 

Ans. Avoid any special fittings such as male and female 
union elbows, 22J4° elbows, etc. 

These sma)] dealers usually carry only 90° and 45° elbows. 

It 
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Oues. When you can't get a reducing fitting of proper size, 
how do you get by? 

Ans. Use a bushing. 

If the reduction is considerable you may have to bush down with Uo 
bushings, as frequently large reduction bushings are not in stock. 

Owes. Name an important bushing hard to get. 

Ans. The eccentric bushing. 


Oues. What is the application of eccentric bushings? 

Ans. To avoid water pockets on horizontal lines. 

Ones. What should be noted about nipples? 

Ans. Nipples are known as close, short and long. 

The length of close nipples varies with the pipe size; it being deter- 
, iipined by the length of thread necessary to make a satisfactory joint. 
There is one length of short nipple for each size pipe. Long nipples are 
hiade in many lengths up to 12 inches. Anything above 12 inches is known 
; as cut pipe. 

The valuable table on next page tells you at a glance standard lengtha 
of every nipple manufactured. 


Owes. What are the points relating to lock nut or tank 
nipples? 

Ans. The standard length for all sizes is six inches. They 
are made from standard weight pipe threaded (for lock nut) 
4 ins. long on one end; regular pipe thread on the other end. 
Tank nipples longer than 6 ins. are made to order only. 

Wrenches. — The numerous wrenches used by the fitter 
may be listed as: 

1. Monkey 
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Up to and including 2-inch size, same lengths as standard, black, right hand. 
2. Pipe—Stillson, chain, strap, Parmalee. 












264 


Points on Piping 


Ques. What should be noted about wrenches? 

Ans. The important point is to select the right wrench. 

Ques. How does a pipe wrench work? 

Ans. The harder you pull the tighter it squeezes the pipe. 

It was designed for use on pipe and screwed fittings only* On parallei.. 
sided objects, its efficiency is not up to that of a monkey wrench, and 
in addition its squeezing action can do a great deal of damage. 

Ones. What precaution should be taken as to size of wrench 
selected? 



Fig. 8 — Stillson wrench “on bight’’. Don’t abuse a wrench by threading a length of pipe 
over the handle to get longer leverage. 

Fig. 9 — Chain wrench (alleged pipe tongs) showing method of using. 

Ans. Many inexperienced fitters have learned from experience; 
that using a pipe wrench too large can do plenty of dama 
— stretch or crack a fitting, so that the joint will leak, requii<| 
ing a new fitting to remedy the damage. 

Ques. What is the application of the monkey wrench? 

Ans. This type of wrench with its smooth parallel jaws is | 
specially adapted for hexagonal valves and fittings. Fig. 10. 
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Not only does it fit better on the part to be turned, but it doesn’t 
f have the crushing effect of a pipe wrench. 

Oues. What is the application of chain wrenc^ies or so 
called pipe tongs? 


Ans. Although they are made for small sizes up they are 
generally used for 6 inch pipe and larger. Fig. 9. 



^wre^h wrench should he used on hexagon end of valves instead of a pipe 


Fig. 11— Strap wrench designed for plated or polished piping to avoid marring the surface. 

Ones. When does the fitter have occasion to use open end 
wrenches? 

Ans. For making up flange couplings. 

I Oues. What precaution should be taken with open end 
pwrenches? 

|| Ans. Use the right size if you wish to avoid bruised knuckles 
^ue to slippage of the wrench (especially in case of cheap 
■wrench)—also to prevent wearing the bolt heads round. Fig. 12. 
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Oues. For what use is the strap wrench intended? 
Ans. It is used when working with plated or polished 
piping in order not to mar the surface. Fig. 11. 



Pig. 12—Use of open end wrenches on flange. 
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It also comes in handy in 
wrench. 


tight places where you can’t insert a Stillson 


Use of Pipe Vise.—There are several precautions that should 
betaken m using a pipe vise. Figs. 13 and 14 show two com¬ 
mon types. The pipe vise is used for pipe only. The machinist 
vise has square jaws only, or a combination of square and 
gripper jaws, making it suitable for pipe as well as other work. 


Ones. What should be noted about the screw action of a 
vise? 

Ans. It exerts a powerful force at the jaws which in some 
cases can do damage. 

That is why experienced fitters never put a valve or fitting into the vise 
when making up a joint at the bench. There is too much danger of over¬ 
squeezing the part as to distort it, or of putting the working parts of a 
valve out of line. Figs. 15 and 16. >-» m a 


Qucs. How should a valve be held while unscrewino' the 
bonnet? 

Ans. Between lead or copper covered machinist vise jaws 
Fig. 17. 


Cleaning Pipe Lines.—Dirt, sand, scale, metal chips or 
burrs, in fact any foreign matter should be removed from pipe 
lines to prevent future damage. Valves and fittings should be 
rtored where not exposed to foreign matter, weather or harm 
in other ways—such as falling or being hit by other objects. 
The covers usually put on valve ends at the factory should not 
be removed until the valve is ready for use. 

Ones. How should pipe be treated before assembling? 
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A ^'Blow-out" Befoie] 
Using 


Fig. 17 — Method of holding valve in vise between “soft” jaws when removing bonnet.Ih ' ^ 
valve should be held in vise as shown — not to the sides of the valve body. 

Fig. 18—Blowing out pipes with compressed air. For thorough cleaning this should k 
followed with a swab of suitable cloth attached to a ram rod. 



Fig. 19 — Cleaning flange faces of a flange valve. 



Fig. 20—Final check for foreign matter on threads. The reading glass is not shown™® 
for “atmosphere”, but if your eyesight isn’t Al, try the reading glass and you ^beM' 
seeing things that should be removed for a perfect joint. ^ A q; 
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Ans. Blow out with compressed air or swab it out thoroughly. 
Fig. 18. 

When a new pipe line is installed, flush it out completely with water to 
remove any loose scale or foreign matter. 

Ques. What precaution should be taken with the threads? 
Ans. Dirt in the threads can also get into lines when the 
joints are made up. 

Ques. What other harm is due to dirt in the threads? 

Ans. Often it causes tearing of the metal when screwing up 
a connection; it increases friction and interferes with making 
a tight joint. 

Ques. What precautions should be taken with flanged faces? 
Ans. They should be cleaned thoroughly. Fig. 19. 

Manufacturers usually coat flanges with a heavy oil or p’ease to pre¬ 
vent rusting. A solvent will easily remove this coating. Special precaution 
should be taken against dirt on gaskets. Dirt on any part of a flanged 
joint tends to cause leaks. 

Installation Points.—Good piping service begins with good 
installations. The following pointers tell you what to do and 
what not to do. 

Ques. When do valves work best? 

.^ns. Best when standing up; worst when inverted. 

Fig. 21. 

Any position except straight up is satisfactory, but a compromise. 

Ones. What is the objection to the inverted position? 

Ans. The bonnet acts as a trap for sediment which may 
damage the stem and threads. 
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Ques. What precaution should De taiveii 
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O.ucs. What is sometimes done to facilitate working in 
quarters in installing a valve? 

Ans. Remove the bonnet assembly from the valve. Fig. 2 

Oues. How should valves be placed in elevated lines t 
convenient operation? 



Figs. 27 and 28 — Placement of valves on branch lines close to main. 



Figs. 29 and 30 Wrong and right placement of valve on high line. 
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JS. 32 and 33 — Wrong and right placement of valve in shop for convenience of shop 
porker. 



Ilk 34—Precaution to be taken against interference on rising stem valves. There must be 
i.tufficient clearance for the upward travel of the stem or the non-rising stem patterns 
•should be used. 
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Ans. Not hard to get at as in fig. 32, but easy to get at as in fig. 33. 

Ques. What precautions should be taken when placing rising stem valves in a 
horizontal line near the ceiling? 
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Ans. If valve is to be stem looking up (vertical) first open 
valve fully and see if there be sufficient room for the upward 
travel of the rising stem. Fig. 34. 

The horizontal position would be better if no interference. 

How to Make Up a Flanged Joint. — There are four re¬ 
quirements for satisfactory result in making up a flanged joint: 



RIGHT WAY WRONG WAY 


Figs. 40 and 41 —Right and wrong way to connect a globe valve in a pipe line showiw 
disastrous result of attempting to pack the stuffing box under steam pressure whn 
connected wrong way. 


1. Thorough cleaning. 

2. Accurate alignment. 

3. Using the proper gasket. 

4. Tightening bolts in proper order. 

These requirements are shown in the accompanying illustra-, 
tions, figs. 35 to 39. 
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CHAPTER 19 


Piping Details 


Before taking up the leading systems on the market there 
are a few fundamentals in piping that should here be presented 
with risk of repetition. 

Ones. What is the advantage of a wet return? 

Ans. It seals the drips from the risers and establishes hy¬ 
draulic equilibrium between the pressure in the boiler and in 
the risers. 

Oues. What is the usual method of preventing water leav¬ 
ing the boiler due to lower pressure in a dry return? 

Ans. Ordinarily a siphon is provided as in fig. 1. 

Ones. How does it work? 

Ans. Condensate from the drip pipe falls into the loop 
(fig. 1) formed by the siphon and after it is filled, overflows 
into the dry pipe. The water will rise to different heights G and 
H in the legs of the siphon to balance the difference in pressure 
at these points. 

Oues. What may happen without the siphon? 
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Ans. At the right, fig. 1, is shown a dry return withouB let. 
siphon. Evidently to balance the low pressure in the riser, wat«w sn 
would be drawn from the boiler in amount filling the retura* low 
and drip to some point M, which would perceptably low ^ l>oi 
the water line in the boiler. , i .(L. 



1—Siphon as applied to a dry return. 


Owes. What other methods may be employed to prevent 
water leaving the boiler? j 

Ans. Hartford connection (erroneously called loop) or check 
valve for wet return and Graham loop for dry return. 

Figs. 2 and 3 show Hartford connection and Graham stabilizer loop. 
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Owes. How do these devices prevent water leaving the 
boiler or just receding to a pre-determined level? 

Ans. For the Hartford connection or the Graham loop 
there is an equalizer which connects lower outlet to steam out- 
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let. The Hartford connection is taken off from the equalizer 
an inch or two below normal water level (N.W.L.) Evidently 
low pressure in the return can only draw water out of the 
boiler to the point of connection: this gives a low water level 
(L.W.L.) and it can not recede further because steam will flow 
into the connection leg as the water recedes in the leg due to 
pressure difference. 


HARTFORD 


GRAHAM 


CONNECTION STABILIZER LOOP 



i WET RETURN 


; Figs. 2 and a—Hartford connection and Graham spiro-centrifugal stabilizing loop (non- 
\ hinting). The^ devices are used to prevent water leaving the boiler. Note that with 
ather device there is an equalizer pipe between the main outlet and return entrance 
^ that is to say, if the job was done properly and not slopshod* as is usually the case with 
. second rate or nondescript alleged plumbers. 


f The Hartford device is called a connection instead of loop because it 
I has only one leg. The Graham arrangement having two legs is properly 
i called a hop. 


*NOTE—Yes, s/opshod, not slipshod—save stamp. 
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Connecting Riser to Mains. — good many steam fitters^ 
to avoid extra labor and expense connect risers direct to the 
main with a tee as in fig. 5. 

Oues. What is the objection to this connection? 

Ans. The condensate falls directly across the path of the 
steam flowing in the main and will be carried along and finally 
arrive at the radiator with excess moisture. Evidently this is 
avoided with a 45° connection as in fig. 4. 

With this arrangement the main is very effectively drained of conden¬ 
sate — the path of the condensate being along the metal of the pipe and 
fittings instead of dripping directly into the steam. 


RISER 


DRV 

STEAM 


MAIN 



CONDENSATION 
FALLING IN 
PATH OF 
STEAM 


DEN5ATION 
OUT OF PATH 
OF STEAM 


WET 

STEAM 


RIGHT 

WAY 


WRONG 

WAY 



Figs. 4 and 5 —Right and yf rong way of connecting risers to mains. 


Oues. How should a riser having a direct connected drip 
pipe be connected to the main? 

Ans. The connection should be at 45° downward as in fig. 6. 
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Ques. How should riser be connected to main where riser 
has no drip? 

Ans. The lead off should be 45° upward connecting with 
45° elbow and the run out should pitch inch per foot upward 
to riser. 

Water Pockets.—These should be avoided not only on ac¬ 
count of freezing but because a sudden rush of steam occasioned 



Fig. 6—Proper method of connecting riser to main where riser has direct connected drip 
pipe. 


by opening a radiator might take up the water and project 
it with great velocity and force against any turn in the direc¬ 
tion of the main resulting in ''water hammer'\ 

Ones. What causes water pockets? 

Ans. It is caused by various faulty piping methods. 

Figs. 7 to 10 show wrong method usually encountered and fig. 11 the 
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Figs. 7 to 9—Faulty piping methods resulting in drip pockets. 
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Ques. How are water pockets avoided ? 

Ans. By using eccentric fittings. 

For instance the water pocket in fig. 12 may be avoided by using an 
eccentric reducing tee as in fig. 13. The end view fig. 14 shows eccentric 
outlet placed eccentric or tangent to inside wall of tee. 





Q ) END VIEW 
Figs.— 12 to 14—A water pocket (fig. 12) and how avoided, (figs. 13 and 14), 


Making Up “Coils”. — In putting together lengths and re¬ 
turn bends to form a “coil” heating unit there is a right way 
and a wrong way to do the job. 


Oues. What is the essential requirement for satisfactory 
worldng of the coil? 
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provision should be made for drainage and to obtain 
this the pipes should not be parallel but should have pitch. 

Oues. How is the pitch obtained? 

Ans. In first class work pitch fittings will be used as in 
fig. 15, but on the usual “botch slopshod” job as performed 
by second rate or alleged “steam fitters” the pitch will be 
obtained by means of ''drunken threads'' as in fig. 16. 





PITCH 

FITTING 


RIGHT WAY 

NO PITCH 


PITCH 


rr T" i 
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drunken thread 



VERY LITTLE METAL HERE puCH 


WRONG WAY 


E3 


Oues. How is the drunken thread obtained? 

By removing the guide bushing from the stock and 
cutting the thread cockeyed—that is, out of alignment. 

sirlT*^ ^ poor joint but one which because of the deep cut on one 
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Drips. — A steam main in any type of steam heating system 
may be dropped to a lower level without dripping if the pitch 
be downward with the direction of steam flow. Any steam main 
in any heating system may be elevated if drained. Fig. 17 
shows a connection where the steam main is raised and the 
drain is to a wet return. 
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Oues. Name three classes of traps. 

Ans. 1, Separating; 2, return; 3, air. 

Owes. How are separating traps operated? 

Ans. 1. Float operated; 2, thermostatically operated; 3 
float and thermostatically operated. 


Ones. How may return traps be operated? 

Ans. They may be operated to receive condensate under\ 
vacuum and return it to atmosphere or a higher pressure. ^ 


trap 

DRY RETURN 

SUPPLY MAIN 



SUPPLY MAIN 


COOLING LEG AT LEAST 
5 FT LONG 


TRAP 



REDUCING COUPLING 


Fig. 18 Dripping end of main into wet return. 
Fig. 19—Dripping end of main into dry return. 


DRY RETURN 

/ 1 

DIRT POCKET 



Fig. 20—Dripping head of riser into dry return. 
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Oues. How are air traps generally operated? 

Ans. By a float. 

Oues. What is the duty of separating traps? 

Ans. They are used to release condensate and to close 
against steam. 

Oues. How about thermostatic traps? 

Ans. They release air and condensate but close against 
steam. 

Oues. What is the fundamental principle upon which "the 
operation of all traps depend? 

Ans. It is that the pressure within the trap at the time of 
discharge shall be slightly in excess of the pressure against 
which the trap must discharge. 

This includes: 1, the friction head; 2, velocity head; and 3, the static 
head on the discharge side of the trap — to get rid of all this “Professorish 
stuff” the excess pressure of discharge must be greater than the total 
back pressure. 

Classification of Traps According to Operating Prin¬ 
ciples.— A further classification of traps on this basis may be 
listed as: 

1. Float 4. Float and thermostatic. 

2. Bucket 5. Impulse. 

3. Thermostatic. 6. Tilting. 

Float Traps . — K discharge valve is operated by the rise 
and fall of a float due to the change of water level in the trap. 
Men the trap is empty the float is in its lowest position and 
: the discharge valve is closed. 
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Bucket Traps.—There are two types, upright and invertM^ 


Ques. How does the upright bucket trap operate? 

Ans. The water of condensation enters the trap and : 
the space between the bucket and the walls of the trap. 1 
causes the bucket to float and forces the valve against its 



outlet 




f - 

1 


1 

BUCKET 

_ 



A 





INLET 


EVAPORATION TUBE 


Outlet 


IE 


:f 


DIAPHRAGM 

L 



SPRINSI 


outlet 





STUFFflSG BOX 

EXPANSION TUBE \ OUTLE 


INLET^ 




V 


AT 


Figs. 21 to 26—Elementary steam traps. Fig. 21, buoyancy float trap; fig. 22, county 
weighted or specific gravity trap; fig. 23, bucket trap; fig. 24, differential trap; fig. 25, 
evaporation trap; fig. 26, expansion trap. 
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seat, the valve and its stem usually being fastened to the 
bucket. When the water rises above the edges of the bucket it 
flows into it and causes it to sink, thereby withdrawing the 
valve from its seat. 

This permits the steam pressure acting on the surface of the 
water in the bucket to force the water to a discharge opening. 
When the bucket is emptied it rises and closes the valve and 
I another cycle begins. The discharge from this type of trap is 
intermittent. 


Owes. How does the inverted bucket trap work? 


.T 


R1N< 


AT tBAST 1 INCH 




DRAIN 






OBSTRUCTION 

/-MAIN 




TO DRAIN- 



Fig. 27—Method of running steam main over an obstruction. 


Ans. In this trap steam floats the inverted submerged 
bucket and closes the valve. Water entering the trap Alls the 
bucket, which sinks and through compound leverage opens the 
TLEi™lve> the trap discharges. 


I 


Ques. What may be said of thermostatic traps? 

Ans. Thermostatic traps are of two types, those in which 
the discharge valve is operated by the relative expansion of 


fig. 2 metals, and those in which the action of a volatile liquid is 


L 
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utilized for this purpose. Thermostatic traps of large capadtyl 

for draining blast coils or very large radiators are called hU 
traps. 

Oues. What is the point about float and thermostatic traps! I 

Ans. They have both a thermostatic element to release air 
and a noat element to release the water. 

Oues. How does an impulse trap work? 

Ans. An impulse trap operates with a moving valve ac-j 
tuated by a control cylinder. When the trap is handling con¬ 
densate, the pressure required to lift the valve is greater than 
the reduced pressure in the control cylinder and consequently 
the valve opens allowing a free discharge of condensate. As the j 
remaining condensate approaches steam temperature, flashiiKl 
resulte, flow through the valve orifice is choked and the pres¬ 
sure builds up in the control chamber, closing the valve. 

Oues. How does a tilting trap operate? 

Ans. With this type of trap, water enters a bowl and rises 
until ite weight overbalances that of a counter-weight, and the 
bowl sinks to the bottom. As the bowl sinks, a valve is opened, 
thus admitting live steam pressure on the surface of the water 
and the trap then discharges. After the water is dischaigel 
the counter-weight sinks and raises the bowl, which in turn 
closes the valve and the cycle begins again. 

Oues. What is the nature in the operation of tilting trajK? 
Ans. The operation is intermittent. I 

Drops.—A steam main in any type of steam heating syst4 I 
may be dropped to a lower level without dripping if the pitch I 
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be downward with the direction of steam flow. Any steam main 
in any heating system can be elevated if dripped, fig. 17. A 
horizintal steam pipe may be run over obstruction if a small 
pipe be carried below for the condensation. Fig. 27. 

Dirt Pockets. On all systems employing thermostatic 
traps, dirt pockets should be located so as to protect the traps 
scale and muck which will interfere with their operation. 

Oues. How are dirt pockets usually made? 

Ans. They are made 8 to 12 ins. deep. 



Connections to Heating Units.—What are the require¬ 
ments for connections to radiators and convertors? 

Ans. They must have proper pitch when installed and be 
airanged so that the pitch will be maintained under the strains 
ofttpansion and contraction. 


Oues. How are these connections made? 
Ans. By swing joints. 
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Oues. How are radiators usually connected as to location 
in two pipe systems. 

Ans. 1. Top and bottom opposite end, fig. 29, and 2, bottom 
and bottom opposite end, fig. 30. 

The top connection for the supply is the preferred location, the oth®! 
connection is not recommended. Short radiation may be top supply and 
bottom return on same end. ^ 


DIPT POCKET 



WATER tVPE 
RADIATOR 


ECCENTRIC 

bushing 


TRAP 


DRY RET URNCOOLING LEG AT LEAST 5 FX LONG 

Fig. 29 Top an»l bottom opposite end radiator connected for two pipe steam system. 


^RISERS 


ECCENTRIC 

BUSHING 

Turned up 



eccentric 
bushing 
turned down 


TRAP 


VA LVE 


^^systei^ bottom opposite end radiator connections for two pipe radiatoe|l 
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CHAPTER 20 

Non-Ferrous Pipes, 
Tubing and Fittings 

One advantage of these materials is that brass or copper 
offers effective resistance to corrosion. 

Ques. Mention another characteristic. 

Ans. Hard grain copper tubes will freeze and twist almost 
the same as steel pipes; the soft copper or annealed tubes 
resist damage from freezing. 

Ans. What is the application of hard tubes? 

Ans. Being stiff they keep their shape better than solt 
tubes, adapted to exposed lines such as mains hung from the 
ceiling. 

Oues. What is the application of soft tubes? 

Ans. They are well adapted for connections around heati ng 
plants, oil burning equipment, etc. 

The accompanying table gives the properties of various tubes. 
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Sizes and Weights 
of 

COPPER WATER TUBES 


SIZES 

For Underground Services 
and General Plumbind 
Purposes Used with Solder 
or Flared Fittings 

For General Plumbing 
and House Heating 
Purposes. 

Used with Solder or 
Flared Fittings 

For General Plumbing aiU 
House Heating Purpoia%^ 
with Normal Water 
Conditions^ Used 
with Solder Fittings oni]^ 



TypoK. 

Hard or Soft 

TypeL 

Hard or Soft 

TypdM 

Hard 

Nominal 

Size 

Inches 

Outside 

Diameter 

Inches 

Wall 

Thickness 

Pounds 
Per Ft. 

Wall 

Thickness 

Pounds 
Per Ft 

Wall 

Thickness 

Pounds 

Per Ft 


250 

.032 

.085 

025 

.068 

025 

.068 

H 

.375 

.032 

.133 

.030* 

.126 

.025 

.106 

H 

500 

049 

.269 

.035 

198 

025 

144 

H 

.625 

.049 

.344 

.040 

.285 

.028 

.201 

H 

750 

049 

.418 

.042 

362 

030 

263 


.875 

.065 

h 

.641 

.045 

.455 

.032 

.328 

1 

1.125 

065 

.839 

.050 

.655 

.035 

.464 

ly* 

1 375 

.065 . 

1.04 

.055 

.884 

.042 

.681 

IH 

1.625 I 

j 072 

1.36 

.060 

1.14 

049 

.94 

2 

2.125 

1 .083 

2.06 

.070 

1.75 

058 

-'■"»* 

1.46 

2H 

2.625 

095 

2.92 

.080 

2.48 

065 

2.03 

3 

3.125 

.109 

4.00 

.090 

3.33 

.072 

2.68 


3.625 

120 

5.12 

.100 

4.29 

.083 

3.58 

4 

4.125 

• .134 

6 51 

110 

5.38 

.095 

4.66 

5 

5.125 

.160 

9.67 

.125 

• 7.61 

.109 

6.66 

6 

6.125 

.192 

13.87 

.140 

10.20 

.122 

8.91 

8 

8.125 

.271 

25.90 

.200 

19.29 

.170 

16.46 

10 

10.125 

.338 

40.26 

.250 

30.04 

.212 

25.57 


12 125 

405 

57.76 

.280 

40.36 

.254 

56.69 H 
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Figs. 1 to 5—A group of flared fittings cut away to show construction details. 

1. With respect to material, as 

a. Brass. 

[ h. Copper. 


Owes. How do copper and brass pipe differ from tubing 
and why? 

Ans. They are made thicker than tubing because they are 
used with threaded fittings. 


Fittings for Brass Copper Pipe and Tubing.—There are 
several systems which are widely different in character and 
which may be classed: 
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Fig. 6 — Double seal type of flared joint fitting. 











' ' . '• 


w -^ 
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2. With respect to construction as 

a. Wrought. 
h. Cast. 



fe 8—Example of cross over using a ^Tee fitting. 
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Fig. 12—Tee for use with copper water tubing and 


any size take off desire 


Fig, 13—Adapter for threaded pipe fitting for use with copper water tubing. Male or 
female adapters are used. 


Figs. 14 and 
tubing. 


15—Female and male adapters for joining threaded pipe to copper wat 
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3. With respect to method of joining, as 

I a. Screwed. 

I h. Flared. 

5 c. Soldered. 

I 

: Oues. What is the technique with screwed fittings? 

Ans. The same as with ordinary malleable iron fittings. 

Oues. What kind of fittings are used for flared soft tube 
end joints? 



^ Fig. 16—Flanging tool. 


L 

Alls. Cast fittings. 

^ Oues. Where is this system used? 

I Ans. Oil burner construction and supply lines. 

Oues. What flared joint fittings are available? 

^ Ans. The complete line includes elbows, tees, couplings, 

; unions, and a full range of reducing and adapter combinations 
^ in all standard sizes and combinations of sizes from one eighth 
: to two inch inclusive. 

i Oues. How do you make ^ flared joint? 
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Fig. 17—Making a flared joint 1. Cuttiiig tube to exact length using a guide to insure! 
square cut. 


Pjg If_Making a flared joint 2. Removing all burrs and shoulders by filing 

and outside. 
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coupling nut over the end of tube and inserting 


DroTO?^fl^e^for^fh^ If**!* i^to the tube expanding it to 

wXofX ^ ^ «»»“y With a 
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Ans. Proceed as follows: 

1. Cut tube with hack saw to exact length using a guide to insure! 
square cut. 

2. Remove all burrs and irregularities by filing both inside and outsidi 
.3. Slip coupling nut over the end of tube and insert the flanging to 

4. Drive the flanging tool into the tube with a few hammer bloJ 
expanding the tube to proper flare. 

5. Assemble fitting and tighten by using two wrenches. 



Oues, How do solder fittings come? 

Aas. Usually in cast bronze and wrought copper. 

What is the basic principle of solder fittings? 

Ans. Capillary attraction. 

On account of capillary attraction solder can be fed vertically upwai 
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feaZd fitted tubes to a height many times the distance 

required to make a soldered joint, regardless of the size of the fitting. 


Oues. What two kinds of fittings are used? 

Ans. The edge feed fitting and the hole feed fitting. 



fittings showing tube fit and shoulder. 


Oues. What are the operations in making a solder fitting 
joint with edge feed fitting? 

Ans. 1. Cut tube to length; 2, remove burrs from inside and 
outside edges; 3, clean both fitting and tube with steel wool 
4, apply soldering flux on tube end; 5, revolve fitting to spread 
flux evenly; 6, apply heat to the fitting, testing with solder; 
feed solder at the edge of the fitting, as in fig. 30. 


‘^1 and hole feed solder 

Ill figs. 24 and 27 note holes for hole feed. 


Oues. What is the method of making a solder fitting with 
;hole feed fitting? 
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Ans. With this type of fitting, which has a feed hole for| 
solder and a groove inside, the procedure is just the sani 
except that solder is fed into the feed hole until it appears a 
ring at the edge of the fitting. Be sure the hole is kept full 
solder as it shrinks on cooling and solidifying. Fig. 29. 



Fig. 29—Metnod of applying solder to a hole feed fitting. With this type of fittii 
solder and a groove inside, the procedure is like edge fee 
mat solder is fed into the feed hole until it appears as a ring at the edge of the 
Be sure the hole is kept full of solder as it shrinks on cooling and solidifying 
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Oues. What is the basic principle of solder fittings? 

Ans. The natural law of capillary attraction. Tests have 
demonstrated that solder can be fed by means of capillary 
attraction vertically upward between two closely fitted tubes 
to a height many times the distance required to make a solder 
' joint, regardless of the size of the fittings. 



The tube and fitting being properly 
to the correct soldering temperature by i§ayin^the 
of tit fiHina adjawnt thereto. Then solder is applied at edge 

ot the fitting and melting, flows by capillary action into the space between the tube and 


L 
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Fillet Weld Dimensions 


l (MINIMUM)=l.25xT BUT 
NOT LESS THAN ^ n 


0.8x1 



Fig. 31 —Walworth forged steel socket welding fitting. The miniumm thickness of the sod 
wall as defined in the “Proposed American Standard” shall be 1.25 times the nominil| 
pipe thickness for the designated schedule number of the pipe. A fiUet weld is apprc" 
imately triangular in cross section, the throat lying in a plane of approximately 
de^ees with respect to the surfaces of the parts joined. The filler metal, electrodes, or 
wmding rods used shall be suitable for use with the base metal to be welded, and the 
procedure should be such as to insure complete penetration and thorough fusion of the^ 
deposited metal with the base metal. 
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Fig. 32 — Walworth socket welding reducer inserts for use with schedule 40 and 80 pipt 
These socket end reducer inserts are used for reducing the opening in 2000 CWP 
3000 CWP forged steel socket welding fittings. Because of the many different combiiS^ 
tions that can be obtained in fittings reducing two or more sizes, it is practically im¬ 
possible for the manufacturer to carry a complete assortment. The sketch illustrata 
the simplicity of their application. The reducer is inserted into the fitting and welded 
in position. The reducing pipe is then inserted into the socket of the reducer and a saxad 
weld is made. Walworth socket end reducer inserts are available in sizes from 1 inch to 
2 inches »for use with schedule 40 and 80 pipe. They can be furnished in both carboB 
and carbon molybdenum steel. 
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CHAPTER 21 


Valves on Radiators. 


For the proper operation of steam radiators various valves 
are required of types depending upon the requirements of the 
paticular system considered. 

The different duties to be performed for proper control are: 

1. Admission and throttling of the steam supply. 

2. Expulsion of the air liberated on condensation. 

3. Expulsion of the condensate. 

To perform the functions, the valves are classed as: 

. , (fiber 

packed | spring 

packless 
metering 

2. Air valves \ control 

/automatic 

3. Thermostatic expulsion valves 

/ traps 

Packed Radiator Valves. — The packed type valve is an 
Mdinary low pressure steam valve having a stuffing box and a 
fibrous packing to prevent leakage around the stem as in fig. 1. 


1. Radiator valves 
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Webster radiator supply ring packed valve. It uses a moulded ring packing 
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The objections to this type is the frequent adjustment and renewal 
of packing to keep the joint tight and requiring many turns of the stem 
to fully open. Another packed type is the ring packed valve shown in 
fig. 2 suitable for low pressure steam service. 

Oues. Describe the method of ring packing. 

Ans. A heavy bronze ring pushed downward by a stiff 
spring exerts a constant pressure on a special graphited asbestos 
composition, ring to maintain a tight seal around the valve 
stem. 

Ones. What are the other features of this valve? 

Ans. It has a non-rising stem and requires less than one 
turn of the handle to fully open the valve. A dial shows direc¬ 
tion and amount of opening. 

Packless Radiator Valves. — The word packless strictly 
speaking means a valve that you don't have to pack and to 
obtain that, the valve must not have any packing of any kind. 

Some so called packless valves are “spring packless”, that, is the 
packing is held in constant compression by a spring, as opposed to 
stuffing box adjustment. 

Oues. What is the determining requirement of a truly pack¬ 
less valve? 

Ans. Ofie which is hermetically sealed against steam leakage. 
Oues. What is the construction? 

Ans. Sealing may be obtained by means of 1, a diaphragm, 
or 2. a bellows. See figs. 5 and 6. 

The essentials are plainly shown in the illustrations. On each there 
is no connection between the actuating element (stem and screw) and 
the valve being sealed hermetically, hence there can be no leakage. With 
the diaphragm arrangement a spring is used to open the valve, whereas 
with bellows construction there is no spring—a shoulder on end of the 
stem works in a bearing on valve inside the bellows. Actual construc¬ 
tion of these two types is shown in figs. 5 and 6. A metering type is 
shown in fig. 7. A valve which employs spring discs to secure a tight 
joint is shown in fig. 8. Although called packless, the spring discs form a 
metallic equivalent of packing. 







310 


Vahes on Radiators 


























Valves on Radiators 


311 



Fiq. 5—^Trane d^phragm wpe packless radiator supply valve. The parts are: 1, Diaphragm ; 2, valve stem pr^sure 
button; 3, motion compiiner; 4, opening spring; 5, valve and seat. 
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Fig. 8.-—Marsh Nos. R-lOO and 100 Series radiator valve. The parts are: 1, 
Wheel handle; 2, valve bonnet; 3, valve body; 4, union nut; 5, tail piece; 
6, valve stem; 6-A, stem collar; 6-B, thrust screw; 7, Metalflex seahng 
discs; 8, sealing disc support; 9, thrust screw follower; 10, follower guide; 
11, disc holder; 12, Jenkms disc; 13, valve seat. 
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Fio. 7-Powell compression hand operated radiator valve or cock without stuffing box. 
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Ans. It is not well adapted for 
it receives very irregular attention 
stautly forming in the radiator it 


removing the air. because 
and since the air is con- 
should be removed as it 


forms. 


Owes. What actually happens in a radiator? 



Ans. After the air valve remains closed for some time, the 
radiator gradually fills with air or becomes air bound as in fig. 
10, the air at the bottom and the steam at the top. On open¬ 
ing the valve, the air is pushed out by the incoming steam, the; 
radiator gradually filling with steam, as in figs. 11 to 13, 
finally when the steam begins to come out of the air valve, 
it should be closed. 
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Valves on Radiators 



Fig. 14 shows the essentials of a typical valve operating on the prin¬ 
ciples generally employed and figs. 15 to 18 how it works. 

Valves known as automatic air valves are one form of thermostatic 
valves, used for expelling only the air from the radiator as distinguished 
from thermostatic expulsion valves. 


Fig. 19 —Marsh No. 6 diaphragm type “quick vent” automatic air valve. This vent M ! 
designed for installation at high points in the piping where there is not sufficient head ; 
room for the larger float and thermostatic vents and where float mechanism is not re- j 
quired to prevent the escape of water. Constructed with vacuum check to prevent entry \ 
of air into the system through the vent when steam pressure drops below atmospheric j 

Fig. 20 —Marsh No. 5 combined float and diaphragm type *'rapid vent'* automatic ak I 
valve. Suitable for vapor systems and one pipe vacuum systems. * 


Automatic Air Valves. — The principles generally employed 
to secure automatic action are: 


1. Expansion and contraction of metals. 

2. Expansion and contraction of liquids. 


3. Buoyancy or flotation. 


4. Air Expansion. 
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Fio. 21 Marsh No. 2 float type automatic air and vacuum valve. Oju^ratian. is based 
u^n the principle of construction, which combines the three important functions of 
tl^mostetic, flotation and vacuum operation in one operative part. It has rapid air 
elimmating capacity and a positive vacuum feature. With the exception of the primary 
vacuum at the initial firing up, the vacuum operation of the Marval No. 2 syphon air 
and vacu^ valve is controlled by the sealing of atmospheric pressure within the float 
memter. The entire mechanism of the valve is contained within the assembly of the 
ami 1, and the base 2, except the primary check 12, which is contained in the cap 3. 
Ol»rat^ IS as follows: When steam enters the radiator, it drives air ahead into the 
v^ve through the vent screw 11, (pushing the light check 12 upward) and out through 
tne airport Id. It takes only a fraction of an ounce of pressure to remove the check from 
ite seat. When all the air has been eliminated steam enters the valve and a combination 
of volatile fluids contained within the float member 7, creates internal pressure expand¬ 
ing diaphragm 8, which rests upon baflie plate 6, raising the float member 7 and valve 
pm 9, sealing vent screw 11. The valve remains closed until additional air forms, when 
tne lower temperature contracts the diaphragm 8, removing valve pin from vent screw 
and permitting air to escape. As the air is replaced by steam the diaphragm expands, 
i^ing the valve once n^re. As the steatn condenses, a vacuum is formed within 
tbe radiator and valve. This draws the primary check 12, against its seat until such 
tme as approximately 1 inch of vacuum is created in the radiator and the valve With 
•tooephenc pressure sealed into the float 7, through air seal 10, and a vacuum in the 
valve 8un*ounding the float, the difference in pressure causes the diaphragm 8, to ex- 
pMd, r^ing the float and valve pin against the vent screw and sealing the valve. As 
me depth.of vacuum increases, the pressure on the inside of the float against the 
diap^agm increases, assuring a perfect seal against the entrance of air and maintain- 
the system under vacuum until additional steam is supplied. Should water enter 
the valve from the radmtor, the float 7, rises, carrying the valve pin 9, against the seat 
m aealiim the valve. Due to the inner construction of the base 2, water passes out of 
the valve by gravity and is aided in this course by the patented fluted syphon 4, through 
which water can flow while steam or air enters the valve through channel 5 
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Thermostatic Expulsion Valves. — These valves working 
on the thermostatic principle open to air and condensate am 
close to steam. 


Ones. What causes these movements? 

Ans. The low temperature of the air and condensate causes 
the bi-metallic element to contract and open the valve, whereas 



Fig. 22 — Trane Cutaway view of Trane 
Fig. 23 — Bellows of Trane Thermostat high 


e connection. 


the relatively high temperature of the 
to expand and close the valve. 


causes the elemeni 


Ones. What other name is sometimes given to these valves| 
Ans. They are objectionably called 'Traps''. 


Ones. Why objectionably? 
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Operation of Trane bellows type thermostatic trap. 


discharged from heating unit. Trap is wide open 
Pig. 25.-Steam enters trap. Pressure within beUowa increases. Bellows starts to expand. 



—All condensate is 
id from trap. 


f,—Steam 
iharge port. 


unit. Small amount of condensate still being 
Pressure forces plunger to seat securely 
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Ans. The name trap relates to a larger unit not connected 
to a radiator, but havnig capacity to drain condensate from 
large mains. 

As distinguished from the thermostatic valve, a trap handles only 
condensate and not air. 

Ques* What other name is given to a thermostatic valve 
and why? 

Ans. It is called a retciiuer valve because while discharging 
air and condensate, it retains the steam. 

That is, it opens to air and condensate and closes to steam. 

Oues. What other actuating element is used on thermo¬ 
static valves except the bi-metallic element? 

Ans. A bellows charged with a liquid; 

A typical trap ®f this type is shown in fig. 22 and its operation in 
figs. 24 to 27. 
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CHAPTER 22 


Standard Installations 


Representative of popular systems put out by leading manufac¬ 
turers, some examples are here given which will be helpful 
not only in installing, but also in servicing. The examples here 
given cover such systems as so called vapor, vacuum, exhaust 
steam, hot water; numerous varieties are given. 

Trane Vapor System.—This so called'Vapor'' system is a 
"combined atmospheric pressure and natural vacuum" system. 

Fig. 1 shows the Trane system as installed for residence heating 
with coal fired boiler. In this installation, convection radiators are used 
as shown. Note the steam circuit which supplies steam to the radiators. 
The air and water return runs in the same direction and is practically 
the same length as the supply main. When properly worked out this 
feature gives the same effect as though each convector radiator were 
placed at an equal distance from the boiler which tends to synchronize 
the heating effect of all the radiators. 

Ques. How does the system work? 

Ans. When fire is started in the boiler, the water becomes 
heated and steam is formed which flows through the supply 
main and enters the radiators, displacing the air which is 
heavier than the steam. 

The air and condensate drain from the radiators through radiator 
traps and return piping to a point near the boiler where the air is 
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1 Irane so called “vapor* system, being a combined low pressure and natural vacuum steam heating system. 
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exhausted through the quick vents 4; and float vents 1, at the end of 
the steam and return mains. 

Oues. How is the water returned to the boiler? 

Ans. By the direct return trap 2. 

Owes. What happens as the rooms become warm? 



Fig. 2—Recommended boiler connections for Trane vapor system. 


DIRT POCKET 


5 Ans. Less steam is condensed and the pressure in the boiler 
I begins to rise, which causes the damper regulator 3, to operate, 
I: closing and opening the draughts, maintaining just the amount 
of pressure necessary for proper heating. 


Ones. When the fire becomes lower what happens? 
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Ans. Condensate forms and there being no way of air 
entering the system a vacuum is created, that is, operation^ 
changes from atmospheric to vacuum (hence the name com- j 
bined atmospheric pressure and vacuum). | 

Oues. What is the effect of the vacuum? ’ 

Ans. The reduction in pressure causes equilibrium of boiling , 



Fig. 3—Trane connections for dripping steam main where it rises to higher level. 

Fig. 4 —^Trane connections for use when motor operated steam valve is used on mains. 

point upset, hence more steam is generated at the reduced 
pressure till equilibrium is re-established. 

In other words the vacuum (reduced pressure) allows the water to 
boil and furnish steam to the radiators at a lower temperature—a de¬ 
cided economy when the fire is low. 

Ones. Describe the boiler connections for the Trane system. 
Ans. These are shown in fig. 2. It is important that the I 
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i 


steam connection to return trap be taken from steam space of 
boiler, not from supply piping or header. 

Top of direct return trap must be placed at least 22 ins. above water 
line of boiler. In no case should top of trap be less than 4 ins. below air 
and water return main. Dimensions from water line to end of mains 
and top of return trap are minimum allowable. Greater clearance above 
water line should be employed where possible. 

Where ends of steam and return mains occur in remote parts of build¬ 
ing away from boiler, use connections shown in fig. 7. The ends of 
such mains must always be vented before dropping to wet return. 




CHECK 


STEAM MAIN 


,>ri! 


Fig. 5—^Trane connections when air is eliminated from return main through vent trap No. 9. 


Fig. 6—Trane equalizer connection. 


If desired, a Hartford connection may be used between inlet to boiler 
and return connections from steam and return mains. 

The recommended size for vertical piping immediately below float 
vents and quick vents is in. at least 6 in. long. This affords a sepa¬ 
rating chamber for air and water. 


Oues. How about the connections for dripping steam main? 

Ans. Where it rises to higher level, trap and strainer may 
be omitted provided lower main be at least 18 ins. above water 
line and return be connected directly into return header of 
boiler. Fig. 3. 
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►FLOAT VENT RETURN MAIN 


-t" QUICK VENT^i" 
3f®(^VENT 1 

—ITO-1 

'i \ 

= 1 \ STEAM 

t,.,..' main 
" ' \ \ 

FLOAT TRAP f 


rj 



, W STRAINER e 

j 18” 

f MIN. 26’ 

it MIU 

1 


_DIRT POCKET 

^ATErLiNE 


-L 




WET RETURJI MAIN 


P«G. 7—Trane rannwtions for use where steam and return mains drop to wet return ii 
remote part of building. 
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Oues. Describe connection for use when motor operated 
steam valves are used on mains. 

Ans. An equalizer line is required to equalize between steam 
main and return main when vacuum forms in steam main after 
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motor operated valve closes. Swing check valve prevents flow \ 
of steam into return main. Fig. 4. j 

Ques. How are the connections arranged where air is elimi¬ 
nated from return main through No. 9 vent trap? 

Ans. The piping hook up is shown in fig. 5. 

Ques. What kind of equalizer connections are used to pre¬ 
vent reversed circulation due to rapid condensation of steam 
which tends to create greater vacuum in steam main than in 
return main? 

Ans. They are shown in fig. 6. 

Ques. What kind of connections are provided where steam 
and return mains drop to wet return in remote part of building? 

Ans. A vent pipe must be installed from piping below trap 
up to return main when wet return is used. 

If dry return be used, the vent pipe may be omitted. 

Webster Systems of Steam Heating.—These are basi¬ 
cally two pipe systems of the so called vapor or vacuum type. 
The steam supply may be taken from any source at any pres¬ 
sure, in most cases supplied from low pressure boilers bumipg 
any kind of fuel. If from high pressure source the desired 
pressure may be obtained by passing the steam through re¬ 
ducing valves. 

Webster Orifice Turbulance Steam Distribution.—By 
the use of a supply valve with orifice turbulance between tlie 
steam and air is obtained. 


That is, metering steam through jets at high velocity produces i; 
close intermixture of steam and air right on the radiator and results ir 
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low radiator temperatures in mild weather without resort to high vacuum. 
Individual control of the radiator is provided by the supply valve. A 
thermostatic retainer valve keeps the radiator free of condensation at 
all times. This arrangement is shovjh in fig. 10. 


Webster Type R Two Pipe, Gravity Return Low Pres¬ 
sure Metering Orifice System.—The important feature of 
this system is metering orifices placed in the supply valves. 



By providing orifices of different sizes, not only is turbulance 
produced, as in fig. 10, but by having specially selected orifices 
as to size in each radiator valve all radiators heat at the same 
time. Fig. 11. 

In the older type of unorificed supply valves the nearest radiator gets 
hot first and the farthest does not begin to get warm until the others 
are filled. To meet all conditions these orifices are made in a wide range 
of sizes. A typical type R system is shown in fig. 12. 

Ques. What pressure is carried on the boiler and why? 
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Ans. It may be necessary to carry 1 lb. or more in order to 
fill the radiators initially with steam and to maintain sufficient 
heat delivery for the coldest weather. / 

Oues. What pressure is carried in mild and moderate 
weather and why? 

Ans. One quarter pound or less because the radiators need| 
partially filled. 

FAR RADIATOR 


—Webster orifice radiator valve connections with detail showing di 
OTifices. The orifices in radiator is quite small; B, is slightly larger and C 
This equalizes the distribution compensating for pressure drop along the line. 


Oues. After initial heating up how does the system 
especially in mild weather? 

Ans. It may work under a (natural) vacuum of 
tion for long periods. 


If some form of inside thermostatic control be used, the 
give better heating results with lower pressure in mild weather 
higher in cold weather. This will resiplt in carrying heat on for 
periods than would otherwise be the case and “off” period will 
siderably reduced. 
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During the heating up period it may be necessary in some insti 
tions to raise the boiler pressure to two pounds or higher in order t 
fully heat ,up the radiation in thirty minutes, but it will be found mu| 
easier to raise the required pressure than in the older type unorii 
system as the orifices have the effect of reducing the steaming spi 
materially. 



Figs 13 and 14 —Method of dripping steam main (fig. 13, £or short mains; fig. 14 I 
mains) discharging condensate into pressure wet -eturn near floor and air into 
head dry return. 


Supply and Return Piping Webster R System.-T 
drip points on steam mains are provided with drip traps di 
thermostatic or combustion float and thermostatic, prot^ 
by dirt strainers or dirt pockets. Typical methods are sh^ 
in figs. 13 and 14. 
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Ques. How are the ends of main supply risers dripped in 
down feed systems? 

Ans. As shown in figs. 20 and 21. 

Ques. How are laterals run from risers to radiators? 

Ans. Preferably in the floor construction. 


SUPPLY RISER 


UP TO RADIATOR 

■j 


RETURN TRAP 


j AIR LINE 



SUPPLY MAIN 


DIRT POCKET 


WATER LINE OF BOILER 




DRY RtTURN MAIN 


OOi 


• 1ai 

• 

^CONNECt TO BOILER 
■RETURN HEADER 

SWING CHECK valve T 

TO BE USED WHEN SUPPLY 
MAINISVALVED 

PRESSURE 

WET RETU Rt^ 

^ A 

101 

OV( 

: A— - 

JBOZDdC 



Fio.^—^Alternate method of dripping end of supply main through a Webster dirt pocket 
I]] to pressure wet return near floor atad venting to overhead dry return. 

th(^ 

cte; Owes. What kind of return mains are connected to return 
)4risers, radiators and air lines? 

Ans. Dry return mains. 
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Oues. How should they be run? 

Ans. Unless otherwise specified, they should be run overhew 
in the basement and connected as in figs. 13 to 15. 


Oues. What grade should be given to supply and dry retun 
mains? 

Ans. 1 inch in 20 feet in the direction of flow. 




SUPPLY RISER 
FULL SIZE TEE 



REDUCE TO SUIT. 
PIPE CONNECTION 


DRIP TRAP 

^ CONNECT tN^O TOP OR 
SIDE OF RETURN MAII 


ifan 


GATE VALVE 


DIRT STRAINER 


Fig. 16—Method of dripping base of main supply riser of down feed system through Web 
dirt strainer and drip trap. 


Laterals to risers and radiators should be taken from the top of the 
mains and graded 3 ins. in 10 ft. towards the mains. 


isif 




Ques. How should return piping grade and why? 

Ans. Since the overhead dry return pipes handle air as i 
as water, they must pitch down toward the vent trap so t 
the condensate will flow back by gravity. See figs. 13 to 15j 

It is important to avoid air traps in the laterals. « 3’ 
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Oues. How should the steam piping grade? 

Ans. Away from the boiler. 

If the mains be relatively short they are dripped at the ends, usually 
into a wet return through which the condensate flows back to the boiler. 
Fig. 13. Where the mains are long, additional relay drips are provided, 
discharging into the same wet return which is run well below the water 
line of the boilers, fig. 14. An alternate method of dripping end of 
supply main into pressure wet return is shown in fig. 15. 

Oues. How about the sizes of the radiator supply valves, 
traps and sizes and arrangement of piping? 

Ans. They are selected to secure complete circulation of 
steam at very low pressures, the exact amount depending upon 
the size and character of the installation. 

A typical piping arrangement of Webster type R system is shown in 
fig. 12. 


Webster Air Pump Metering Orifice Vacuum System.— 

This is a two pipe system in which one set of piping supplies 
.steam to radiators and another set carries away condensate 
and air. Return traps are used at the end of all radiators. 


Boiler pressure is maintained sufficient for steam to reach the radia¬ 
tors. The return mains are joined together and connected to the intake 
(alleged “suction”) end of one or more air (alleged “vacuum”) pumps. 
This is distinctively an air pump system and not a natural vacuum system. 


Oues. What are the duties of the air pump? 

Ans. It continuously removes air and condensate and as¬ 
sists circulation by maintaining in the return mains a pressure 
much less than that in the supply piping. 

It is in this respect a forced circulation system. 

Oues. How much vacuum is necessary? 

Ans. Under ordinary conditions when the supply piping 
and radiators are completely filled with steam, the vacuum 







SUPPLY VALVE WITH 
METERING ORIFICE- 
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produced by the air pump in the return piping does not ex¬ 
tend back of the thermostatic traps on the radiators and drip 
points. Only enough vacuum should be maintained at the 
pumps to insure prompt removal of the air and condensate 
from the radiators, coils and other heating surfaces. 

Ques. What is the objection to a high vacuum? 

Ans. It tends to cause leakage of steam into the returns and 
also to cause a part of the condensate to ''flash” into steam 
when the difference in pressure between radiators and return 
mains is too great. ^ 

In addition to reducing the degree of vacuum, the presence of steam 
in the return lines of a vacuum system may prove a constant source of 
waste due to the necessity of condensing it with a water jet. 

^ Ques. How much vacuum should be carried? 

Ans. Usually about 2 ins. at the outlet of the traps on the 
most distant radiators. 

This may require a vacuum at the pump ranging from 3 or 8 to per¬ 
haps 15 ins., depending upon the tightness of the system, the length of 
run and the necessity for lifting condensate from a lower to a higher 
level. The vacuum should be maintained reasonably constant. 

Sufficient pressure should be maintained in the supply mains to in¬ 
sure proper steam distribution through the piping supply valves and to 
completely fill the radiators with steam. 

What kind of air pumps are used? 

Ans. Motor or steam driven rotary pumps. 

The advantage of steam drive is that the pump may be run at any 
speed, thus obtaining any degree of vacuum desired. A strainer should 
be placed at the inlet to protect valves from foreign matter which other¬ 
wise would be carried back into the return piping. 

I Ques. What is done with the condensate and air? 

Ans. The condensate is delivered either to a feed water 
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heater or direct to the boiler if the latter be operated at 1( 
steam pressure. The air is discharged into the room where t 
pump is locutod or pipod outdoors. 

ti The pump can be arranged for either continuous or automatic op« 


Supply and Return Piping for Vacuum System.-' 
following are general instructions; 


The! 
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Drip traps for steam mains should be either thermostatic or com¬ 
bination float and thermostatic protected by dirt strainers or dirt pockets. 
Typical methods of connection are shown in figs. 18 and 19. The bases 
of supply risers are dripped through drip traps as showii in figs. 20 to 24. 
Methods of connecting return risers are shown in figs. 20 to 23. 

The supply mains and return lines should grade 1 in. in 20 ft. in direc¬ 
tion of flow. Laterals to risers and radiators should be taken from the 
top of the mains and graded 3 ins. in 10 ft. toward the mains. 


DOWNFEED 

SUPPLY RISER TO RADIATOR 



DOWNFEED SUPPLY RISER 



Figs. 20 and 21 — Method of installing drip connection at base of down feed supply riser 
to overhead return main through cooling leg Webster dirt strainer and return trap. 

Ques. Which way should return pipes pitch? 

Ans. Toward the pump. 

Ques. Which way should steam piping pitch? 

Ans. Away from the boiler. 
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The highest point of the steam mains is at the boiler; from here theyJ 
branch and pitch downward. Short maifis are dripped as in fig. 18; long^ 
mains as in fig. 19. 

Ques. What is the alternate method of grading? 

Ans. In some installations it may be desirable to grade^i 
steam piping against the flow of steam (toward the boiler). i 


SUPPLY RISERS 


SUPPLY MAIN 


PITCH DOWN TO AIR PUMP 
lift riTTINS-xA 


GATE VALVE 



DISCHARGE INTO. 
VACUUM RETURNS 

LIFT FITTING 


FLOOR LINE 

UP FEED Rl.SERS 

Fig. 22 — Method of connecting drips from risers into a wet return and discharge same 
through a Webster trap into overhead vacuum return main up feed risers. 

In such cases pipe must be large enough to allow condensate^! 
to return to boiler against the flow of steam. 

Pipe Connections to Radiators for Vacuum System.— : 
All Webster radiators have bottom outlets through union con- j 
nections furnished as part of the radiator. Vertical pipe stub] 
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ups to these union connections for all radiators are % in. steam 
and Yi in. return. 

Steam and return connections are not interchangeable, accordingly 
it is important before installing piping to verify whether steam con¬ 
nection be right hand (right end when you face enclosure) for the radiator 
under consideration. 


SUPPLY RISERS 


-RETURN RISERS 


PITCH DOWN TO AIR PUMP 


GATE 

valve 



A .., DISCHARGE 
' ymro VACU¬ 


UM RETURN 

N^LIFT 
FITTING 


HEAVY DUTY 
TRAP 


GATE VALVE 

TO DRAIN 

floor line 


DOWN FEED RISERS 


Fig. 23 —Method of connecting drips from risers into a wet return and discharge of same 
through a Webster trap into overhead vacuum return main. 

Laterals from risers to radiator stub ups should be installed with 
wfficient number of swings to allow for freedom of movement of piping 
without disturbing enclosure or radiator. 

The accompanying illustrations show proper installing technique. 

Ques. What is a lift fitting? 

Ans. Special fittings used in pairs in vacuum systems where 
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Fig. 24.—Piping detail for a main return lift at air pump. 
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Fio. 26 — Provision for expansion and contraction and maintaining pitch in direction 
arrows. 



Fig. 27—Loosening union connections of heating element with Webster wrench WR-14. 
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it is desired to lift condensate to a higher level. Operation is^ 
shown in fig. 32 and a typical hook up in fig. 33. 

As manufactured, these fittings are formed by the use of a compare 
. tively small diameter opening with its lower end submerged in a well 
below the level of the horizontal line which it drains. | 



Fio. 28—Removing heating element from enclosure of Webster system radiation. 



Fig. 29 — Improvised assembly deck to prevent damage to heating element when remw 
valve and trap. 
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Webster Control Systems.—These systems are controlled 
by the weather with an automatic outdoor thermostat. One 
or more “variators” hand operated can be used to modify the 
outdoor thermostat for quick heating up, etc. There are two 
Systems whose operating principle is based on: 




Radiator 


A 


FLOOR^ 


. WEBSTER 
SUPPLY VALVE 
WITH ORIFICE 


SUPPLY 

.A 


CEILING BELOW-^ 


ECC BUSHING 


RADIATOR 

RECESSED AND GRILLED 


UNION ELL WITH 
WEBSTER ORIFICE 




■Q 

5 

f 

[ FIRST flooRn^ yl 



WEBSTER WEBSTER 

RETURN TRAP SUPPLY V^VE 

/ X- 



BASEMENT CEILING^ NJ 



RETURN 


SUPPLY 


= Fig 8. 30 and 31—Method of making supply and return connections to standard radiators 
using Webster supply valve or union csll with metering orifice valve and return trap. 
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1. Continuous steam flow. 

2. Intermittent or pulsating steam flow. 



Fir. 32 — Lift fittings. In operation, the momentum of the water is maintained and assisti 
in making the lift with a minimum loss of vacuum. The lift fitting is constructed witij 
a pocket at the bottom of the lift into which the water drains. As soon as sufficient water 
accumulates to seal this pocket it is drawn to the upper portion of the return by the 
vacuum produced by the pump. The shape of the fitting is such that dirt and scale are 
usually swept along by the current, piean out plugs are, however, provided for use, 
necessary. A second fitting in a reversed position is recommended for use at the top of 
the lift (as in fig. 33) to prevent water running back while the pocket is filling. 


NOTE: COLD WATER LINE CONNECTED TO OPPOSITE SIDE 



IN THIS CONNECTION 

Fig. 33—Typical installation of lift fittings. 
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The continuous flow arrangement is called the Electronic 
Moderator System, and the other the Moderator System. 

Electronic system is in general suitable for medium to large buildings 
and groups of buildings requiring one or more control valves. The Mode¬ 
rator system is a single zone pulsating flow control for medium sized 
buildings. 


Webster E-5 Electronic Moderator System. — This elec¬ 
tric system in its simplest form as in fig. 34 employs: 

1. Outdoor thermostat. 

2. Main steam control valve. 

3. Variator. 


Steam supply may be taken from high or low pressure boiler or any 
other source; initial pressure should not be over 15 lbs. using reducing 
valve if necessary. Return piping may be either “open” or “closed”. 


Ones. What does the control do? 

Ans. It regulates the pressure difference and will function 
equally well regardless of whether the pressure in the return 
piping be at atmospheric pressure or below. 


Ones. How is the main steam control valve adjusted? 

Ans. Automatically by the Moderator control which acts to 
reverse the direction of the motor, causing it to move the 
valve in the closing direction when less steam is required and 
in the opening direction when more steam is required? 

Ones. What is accomplished by the outdoor thermostat? 
Ans. It provides the automatic ''control by the weather'’ 
varying steam flow in accordance with changes in outdoor 
temperature. 

For example, at 70° Fahr. outdoor temperature, the main steam con¬ 
trol valve will close. At the extreme of 0° Fahr. outdoor temperature 
(or -10° or + 10° F, etc., depending on climate) the outdoor thermo- 
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OUTDOOR 

THERMOSTAT 


METERING ORIFICES 
IN SUPPLY VALVES 


OPERATING 

SCHEDULE 


SWITCH for full h^t, 

aufomatic, and no hcai 
positions of Main Steam 
Control Valvs 


STEAM 

SUPPLY 


MAIN STEAM- 
CONTROL VALVE 


ELECTRIC 

'CABLE 


TO RADIATORS 


PIPING FROM 
STEAM MAIN 


CONTROL CABINET 


110 V. 60C.N 
/SERVICE 


-TRANSFORMER 

, PIPING 
TO RETURN 


348 


CLOSED RETURN 


Fig. 34-Typical arrangement of Webster E-S electronic moedrator system. 
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Fig. 37 — Steam control valve. Globe pattern; 
semi-balanced, double seated disc type. 


36— Variator for Webster E-6 system. It modifies action of outdoor thermostat. In 
^ration turning knob to lift reduces steam supply; turning right increases supply. 

ipally for heating up during early morning hours and for reduced evening 
t heating. 
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stat will cause the valve to open sufficiently to keep the radiators filled 
with steana. Thus the position of the control valve is selected automag-' 
cally by the outdoor thermostat and it may be advanced or reduced M 
the variator to give more or less steam that is called for by the outdoeri 
temperature. 


pi- 

ex 

thi 


Owes. How are changes in pressure difference in the heat-' 
ing system compensated for? ; 



Fig. 38 Type E-6 Webster pressure control cabinet with integraUy mounted varihs® t)ui 

Ans. They are automatically compensated for by a pressuJ 
actuated mercury tube in the control cabinet. 

One end of the tube is connected to the steam supply main and 
other end to the return main. 

If the supply pressure be unduly increased, mercury rises in the t 
to unbalance resistances contained therein and the main steam 
begins to close in amount sufficient to balance resistances. A revas? 
action takes place when the pressure difference falls below that c; 
for by the control eauipment. 
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[ Webster EH-10 Moderator System. — This system com- 
■ prises a central heat control of the pulsating flow type for new or 
^ existing steam or hot water heated buildings. It is designed for 
[ the small and medium size buildings and for zoning of large 



i Fig. 39—Webster EH-10 moderator control cabinet and outdoor thermostat which pro¬ 
vides automatic heat variation. 


buildings. It directly controls operation of burner, stoker, 
blower or draught damper motor. 

The standard control units are: 

1. Outdoor thermostat. 

2. Pressure difference controller. 

3. Control cabinet. 

4. Capillary tubing. 
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Oues. How does the system work? 

Ans. The units just listed work together to open and close] 
a valve m the steam main or to start and stop the autom^l 
hnng device at the boiler generally through a relay t 



all wiring and complete 

INSTALLATION TO BE MADE IN 

aworoance with local elktrical 
CATIONS^^^ electrical SPECIFI- 

UNLESS^^OTHERWISE NOTED. 

»RW”foV»5f«ER. 


^P'^ET locate in ACCESSifiLf ■ 


LOCATE IN ACCESSlBLf ■ 
POSITION. PREFERA0&M I 
NORTH WALL OF KiLOliL 
PLACE NEaF^ 1 
WARM CURRENTS o| AIR.: 


3 WIRES 



C^-Toa-INC) 3^,^,5 


3 WIRES ^ 
TO CONTRa 
VALVE* 

_CONNECTION FQI^ M 
^PEN return SYST^ 


CONNECT TO 
RETURN ' 

■CONNECTIONS FQtt 

J^CyUM system OPEN RETURN SYSTfrf 

by sy^minbuildinasem 

Oues. What is the outstanding feature of the system? 
Ans. The pressure difference controller which maintains the 
correct pressure difference between supply and return piping, 

In combination wth metering orifices this device gives even distri- 
')ution of steam to all radiators preventing over or under heating. 













































Standard Installations 


353 


Ques. What other device is included in the control cabinet 
and what is its use? 

Ans. The control cabinet includes a variator for increasing 
the rate of heat delivery to the building by hand. 



6 WIRES 


CONTROL CABINgT 

NOTES 


OUTDOOR THERMOSTAT 

LOCATE IN ACCESSIBLE 
POSITION. PREFERABLY ON 
NORTH WALL OF BUILOINGw 
DO NOT PLACE NEAR 
WARM CURRENTS OF AIR. 

ALL WIRING AND COMPLETE INSTALLATION TO BE 
MADE IN ACCORDANCE WITH LOCAL ELECTRICAL COOES 
AND ELECTRICAL SPECIFICATIONS. 

ALL WIRING TO CARRY 24 V. UNLESS OTHERWISE 
NOTED. 

ELECTRICAL CONTRACTOR TO FURNISH NECESSART 
CUTOUTS, SERVICE SWITCHES AND, WHERE REQUIRED, 
BOX FOR TRANSFORMER. 


PRESSURE DIFFERENCE 

CONTROLLER 


LOW PRESSURE 

steam heating 

BOILER 


2 WIRES 



PRESSURE 

CONTROLLER 



SERVICE 
II0V.6OC 
20 WATTS 

CONNECTION FOR 
OPEN RETURN SYSTEM 


NOTE 


DOTTED LINES INDICATE WIRING 
IN ACCORDANCE WITH BURNER 
MANUFACTURERS REQUIREMENTS. 


■CONNECTIONS FOR VACUUM SY STEM 

Fig. 41—General arrangement of Webster EH-10 moderator system controlling burner of 
steam boiler. 

Owes. Describe in detail the operation of the control. 

Ans. Control is accomplished by varying the length of in¬ 
tervals during which steam is delivered to the radiators. These 
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In addition to the standard radiators, pipe fittings, etc., 
used with a two pipe system, it comprises Dunham specialties: 

1. Differential traps and valves. 

2. Differential air pump. 

3. Differential controller. 


Ones. Why is each item called ^'differential”? 


Ans. Because the actuating principle of the system as a 
whole depends upon a pressure differential^ that is the difference 
in pressure between the pressure in the supply piping and the 
pressure in the return piping. 




Although some of the items just listed may be properly classed as 
differential, the author sees nothing differential about the traps or the 
air pump. The traps are simply thermostatic traps and work the same 
as any other traps, that is upon temperature changes within the radia¬ 
tors which they serve. The air pump is simply an air pump—any air 
pump would work — the only reason for using the word differential in 
this case is because its operation is controlled by external apparatus 
working on the differential principle. That is, there is nothing in the 
mechanism of the pump itself which the word differential may be ap¬ 
plied. The author brings out this point so that the reader may not be 
confused. 


Functions of the Equipment. — In order to understand 
the operaiion of the Dunham system, the functions of the 
various units are here given. 




Radiators and Piping. — This part of the installation may 
be any of the types and sizes in common use with other steam 
heating systems. 


I Control Panel. — This is the central operating station at 
' which all control adjustments and settings are made. Fig. 42. 


Temperature Control Equipment. — This part of the 
1 ^ equipment utilizes the resistance thermometer principle of 
^ operation. 

L 













































showing principle of Christie or so called Wheatstone’s bridge. A, B. 
the four membere which constitute the bridge. The current from the batter^ 
K®®*iE>P"f.t''ayersmg DC,and part traversing BA. The galvanometer, connecte 
^fl^tion ^ indicate when the currents are equal in the two branches by giving no 


GALVANOMETER 


TWO WAY KEY 



Fig. 45 Direct deflection method of testing resistances; a useful and simple method which 
may be used in numerous tests. Galvanometer readings are taken through the known 
and unknown resistances; the current is proportional to the deflections. 

GALVANOMETER 



BRIDGE- 



UNKNOWN RESISTANCE 
-^vVWWWV\A\VWWWW-— 


^ arrangement of resistances in arms of Wheatstone’s bridge, 

in prectioe, the bridge la seldom or never made in the lozenge shape of the diagram, fig 44 
this teing given merely for clearness. The resistance box of fig. 46 is in itself, a 

bridge the appropriate connections being made by screws at various points. 
1 he letters in the above diagram correspond with those in fig. 44. 























































358 


Standard Installations 



47 Dunham differential controller which regulates air pump ojieration. 

Thermostatic Radiator Trap. — This trap works like aii; 
other trap, being actuated by temperature changes within th 
radiator. 

Drip Trap. — Installed at drip points to which large volumes 
of condensate flow. It is a combined thermostatic and float traps 


The Air Pump. — This is a wet air pump which means I 
it handles both air and condensate. 


Control Valve.—This regulates the admission of a coi 
tinuous flow of steam into the heating main. 

The differential system distributes the steam proportionately to i 
radiators, the pressure range being from 2 lbs. gauge to pressures ( 
siderably lower than atmospheric. Because of the relatively consta 
differential in pressures between the steam and return lines, the rad: 
are filled with steam. 
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Ques. How much vacuum is necessary? 

Ans. It should be sufficient to maintain the pressure differ¬ 
ence necessary to cause a positive circulation of steam. 


Ones. What becomes of the condensate? 

Ans. The condensate gravitates to the accumulator tank 
from which it is lifted and returned to the boiler by the pump. 


Differential Controller. — The pump is controlled by the 
controller which is connected to the supply and return piping 
and is actuated by the pressure differential. 

Owes. Describe the action. 

Ans. The controller starts the pump when pressure dif¬ 
ference between supply and return piping tends to fall or 
disappear and stops it when the pressure differential is restored. 

The Control Panel, — Its appearance is shown in fig. 42. 
The panel contains the primary control elements which are 
pnnected into Wheatstone bridge circuits, terminating in the 
upper terminal strip to which are connected the cables from 
the resistance thermometer units and the control valve. The 
galvarelay is mounted behind a removable plate in the bottom 
'i of the panel, 
ly' 

lu Dues. Describe the galvarelay. 

Ans. It consists of a galvanometer and a relay. 

The galvanometer is the heart of the Wheatstone bridge and4s an 
® electrical “balance” or “weighing device.” The relay functions to auto- 
pi matically open and close the control valve. 

jj Ones. Describe the operation of the panel master switch. 

Ans. When the master switch is at a “control” station, a 
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feeler bar of the galvarelay is operated by a solenoid and a 
sjTichronous motor and determines at frequent intervalsi 
whether the galvarelay indicator is at its central point or 
whether it is deflected toward one side or the other. 


If it be deflected to the right, then the heat supply is below the dw; 
mand, one relay contact is made and the control valve is opened a small 
amount to increase the supply. ^ 

If the indicator be deflected to the left, then the heat supply is a6oi| 
the demand, the other relay contact is made and the control valve is 
closed a small amount to decrease the supply. 

If the indicator be at its central point, the supply equals the demand I 
no relay contact is made. In this case the control valve does not mo^ 
but remains at whatever position it may have taken previously. Thi^ 
checking for balance is continued and insures that the control valve is 
always at the proper position to maintain balance between heat suppljf 
and heat demand. - 


Dunham Differential Control Equipment.—The fullyl 
automatic type RSTT is made up of five units as shown in 
fig. 42, namely: 

1. Control panel. 

4. Resistance thermometer. 

3. Automatic selector. 

4. Heat balancer. 

5. Control valve. 


This assembly insures continuous heat supply in exact proportioi| 
according to outside weather conditions. This supply is checked in cy^ 
of three different measurements of the demand. 

What is the normal heat measurement? 

Ans. This is the basic control and provides a check of the 
heat supply as measured by the heat balancer in comparisoill 
with the demand, as measured by the selector, 

Oues. In this phase of the control, what is the action of the . 
relay? 
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^ Ans. The relay can either open or close the control valve 
1 depending on whether a greater or less supply of heat be 
i required. 


I 




1 


Oues. What is the selector? 

Ans. A window mounted resistance thermometer unit, the 
temperatures surrounding which are affected by outside tem- 
p^ture wind velocity and other weather conditions. It pro¬ 
vides a measure of the heat demand. Fig. 49. 



L Fig. 48—Dunham room resistance thermometer with cover removed. It consists of a 
tmperature sensitive resistance winding mounted on a composition base and protected 
by a metalhc cover perforated to permit free circulation of air. 


Ques. Describe the construction and operation of the heat 
balancer. 

Ans. It is a control radiator convector which measures the 
actual heat supply. 


There are two resistance thermometer coils, one below the heating 
element—measures the average temperature of the incoming air while 
the second — above the heating element — measures the average tem¬ 
perature of the air after it has been heated. Fig. 50. 
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automatic sel^tor or resistance winding in a thermal contact case 
which 18 held against the inside surface of a window glass. It measures the demand fo 
heat due to weather changes. 


Fig, 50—Dunham differential heat balancer. 
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Oues. What does the difference between these two tem¬ 
peratures represent? 

Ans. It is a measure of the heat supply. 


5 



^^^•5^~Ounham control valve operated 
by a low voltage reversing motor con¬ 
trolled nrom the panel. 



Ones. How does the bal¬ 
ance between the heat de¬ 
mand (selector) and the heat 
supplied (heat balancer) be 
determined? 

Ans. By the measuring 
or weighing device in the 
control panel (previously 
described) — the galvano¬ 
meter of the bridge. 

Owes. How does it workT 

Ans. It governs through 
a relay the opening and 
closing of the control valve 
which is made in small in¬ 
crements, opening valve to 
measure heat supply when 
supply is less than demand, 
also closing valve when heat 
supply is greater than de¬ 
mand — this is the basic con¬ 
trol feature. 
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The maximum temperature measurement provides a check of the hejf 
I supply as determined by the valve opening with the demand as measun 
i by the room resistance thermometer unit(s). This phase of the open 

IMDICATOIt 



TOP 

stenoN 


BOTTOM 

secTtoM 


HEAT ADJUSTMENT DIAL 

Fig. 56' — Marsh Tri-trol heat adjustment dial. 



Fig. 56—Marsh Tri-trol clock dial and connected mechanism. 
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J ^ tion is a maximum limiting control and the relay can close the valve 
I only if temperatures be high; it cannot open it. 

I 

K The minimum temperature measurement also provides a check of the 
I heat supply as determined by the valve opening with the demand as 
I measured by the room resistance thermometer unit(s). This phase of 
I the operation is a minimum limiting control and the relay can open the 
I' valve only if temperature be low, it cannot close it. This phase of the 
control is particularly effective during the heating up period. 

r Marsh “Tri-trol” Regulator System,—This regulator is 
primarily a thermostat designed to control the heating of a 
I building by regulating the operation of the heating plant in 
:ordance with the outside weather and the needs of the 
•ccupants. 



SCRiW 


Fig. 57 — Marsh Tri-trol refueler (hold fire). To produce refueling loosen set screw and 
rotate the cam so that pointer indicates the number of minutes of op)eration desired 
each 72 minute period. 

It can be applied to control a stoker, burner, zone, valve or circulating 
pump with any type of heating system. Basically the regulator is a 
thermostat (figs. 53 and 54) which automatically changes the rate of 
heating of a building and the hours of heating in accordance with changes 
in outside temperature and in keeping with the needs of the building 
occupants. 

Oues, Describe the duty performed by the regulator. 

Ans. It starts heating plant operation each morning at a 
|time automatically changed as the weather changes. After the 
quired daytime temperature has been reached, the regulator 
I automatically maintains this temperature by operating the 
ystem at fixed intervals with the length of the ‘‘ON'' period 
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automatically lengthened or shortened, according to the outi 
door temperature. At night the time of shutting down is auto¬ 
matically changed as the outside temperature changes. 

Ques. Explain the construction of the mechanism. 

Ans. The thermal system consists of a liquid filled outsii 
bulb, capillary tubing and bellows. The control cabinet» 
tains an assembly of cams, levers, a self starting synchronaij 
clock motor and a unit switch in addition to the bellows of the 
thermal system. 




Fig. 58—Marsh Tri-trol heating period adjustment. Factory setting is (as shown) 8 mmA 
operating period in 60° weather. For different periods loosen set screw and rotate caJ 
to left or right for longer or shorter period respectively. 


Ques. What duty is performed by the clock motor? 

Ans. The clock motor rotates cams which in turn raise anj 
lower levers that open and close the switch. 

Owes. Describe the action of the outside bulb. 

Ans. This bulb registers the outside temperature and throui 
the action of the bellows mechanically positions the levai 
with respect to the cams, so that the colder the weathw.tk 
longer the switch is held in the closed position. j 


Ques. What does the switch control? 

Ans. The switch operates the heating plant (burner) stoi 
etc., so that the cycle is proportioned to weather requirenu 
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Once heating starts in the morning, operation is continuous, subject 
to regulation of the limit control; until the building is brought up to 
desired tempearture. Thereafter the heating plant is operated at 72 
minute intervals with the duration of each “ON” period controlled by 
the outside weather. 



Oues. What is the duty of the programme dial cam? 

Ans. It functions to produce the morning heat up operation 
and cut out operation during the night hours. 


Fig. 59—Traue angle flow valve — only one required on single zone installations 



; Pig. 60 —Trane flow fitting for inducing circulation of water through each radiator. 
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One pipe singie circuit hot water systetn with Trane flow valve air flow fitting. 
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Fig. 62 .—^Trane two pipe circuit system. 
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Trane Hot Water Heating Systems.—In these systems 
circulation is both forced and induced. Suitable for either one 
pipe or two pipe installation. 


wu ?■ -f ^ P*P® system, a single flow valve k 

used at the boiler through which the water flows when the pumo is 
running, and stops when the pump stops. ^ 





through Trane S^^ateyheatinK'wstemi*”^ Providing forced circulation of hot watw 


the flow valve stop the circulation when 
not forced by the pump? |- 

Ans. The flow valve is a weighted check valve in which the 
weight acts to close the valve when the pump stops, overccS! 
ing the slight force due to thermal circulation. 

^ mounted directly on the flow riL 

^d only one is required on single zone installations. The ‘‘flo'» valve 

Siflatiin hof®" r installed on all fortd 
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CHAPTER 23 

Radiant 

Heating Instaiiations 

Oues. Just what is radiant heat? 

Ans. Start the bathing season by lounging on the beach two 
Mr three hours under a bright sun and you will know, especially 
IBxt morning! 

^ Owes* What are radiant heat rays? 

I Ans. Rays which are given off from any heated body. 

Oues. What is the nature of radiant heat rays? 

Ans. They behave very much like light rays because they 
ivel in straight lines and are absorbed and reflected to a 
gree depending upon the nature of the surface they strike 
gainst. 

Oues. Describe a peculiar property of radiant rays. 

Ans. They pass through air without appreciably raising its 
Mmperature. 

Oues. Describe in detail what happens when radiant rays are 
intercepted by a material surface. 


1 
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Ans. They move from warm to colder objects. When they 
strike a cooler surface, a portion of them is absorbed and the 
balance reflected. 

Owes. What effect is produced by the absorbed rays? 

Ans. The absorbed rays warm the surface which then b^ 






reflected rays 















Figs. 1 to 3 The nature of radiant rays I. In fig. 1, the rays move from hot to cooler.j 
surfaces; fig. 2 , a portion of the rays are absorbed by the cooler surface, thereby v 
It, ng, o, the balance of the rays are reflected to other surrounding surfaces. 
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F 


comes a radiant surface itself 


and re-radiates its own rays. 


Thus in fig. 1, the rays move from the body at higher temperature to 
the body at lower temperature. These rays striking against the cold 
body warm it as in fig. 2, and the balance of the rays are reflected as in 
fig. 3. The characteristics of movement, absorption and reflection of 
radiant rays are the principles upon which radiant heating systems are 
based. 



I Fig. 4 —Early Roman bath with a radiant heating system. Hot gases from a central fire 
^ pass through masonry flues and warm the floors and walls. The large earthenware 

I jugs at the right supply the water for the bath, and are marked cold, warm and hot, 

: starting with the top container. The famous baths of Caracalla various baths at Pompeii, 

^ and some of the Roman Emperors’ barges provide outstanding examples of the engineer- 

: ing skill displayed in the design of these early “warm air’’ radiant heating systems. 


I Owes. In what three ways is heat lost from the human body? 

I Ans. By: 1. Radiation; 2, convection; and 3, evaporation. 

The radiation loss is the heat carried away by the passage of air over 
I the skin and clothing. 
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Ans. A person in normal activity should emit about 400BJ.W. 
per hour and of this, total radiation and convection account tor 
300 to320BXw. 

Since this is obviously the major portion, the problem of providing 
comfort is principally concerned with establishing the proper balance 
between radiation and convection heat losses. 

I Oues. In radiant heating how is bodily comfort obtained. 

Ans. By maintaining a proper balance between radiation and 
convection. 

Thus if the air become cooler and accordingly the amount of heat 
given off from the body by convection increasedy then the body can still 
adjust itself to a sense of comfort if the heat given off from the body by 
radiation be decreased. The amount given off from the body by radiation 
can be decreased by raising the temperature of the surrounding surfaces 
* such as the walls, floor and ceiling. To restate the principle: For com¬ 
fort, the body demands that if the amount of heat given off by convec- 
5 - tion increase, the heat given off by radiation must decrease and vice- 
f: versa. See figs. 4 to 6. 

J Owes. Explain further the fundamentals of radiant heating. 
^ Ans. The principles involved in radiant heating exist in such 
^common things as the open fire place, outdoor camp fires, electric 
i; spot heaters, etc. 

c In all these cases no attempt is made to heat the air or enclosing sur¬ 
faces surrounding the persons involved. In fact the temperature of the 
air and surrounding surfaces may be very low, but the radiant heat 
from the fire place or camp fire will still produce a sensation of comfort 
(or even discomfort from excess heat) to those persons within range, 
although a conventional thermometer may indicate a temperature well 
below freezing. 


Ques. What is the outstanding thing about a radiant ray 
that should be noted? 

Ans. It does not perceptibly heat the atmosphere through 
which it passes, but the body upon which it strikes. 
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Ques. What is the single basic requirement for any heatin 
system? 

Ans. It is that it brings about conditions in any area so that 
the occupants will lose their heat through convection and radi¬ 
ation at a uniform hourly rate of approximately 300 B.tM. 




(e) ' 


Installation Methods for Radiant Heating.—There are ^ 
several methods of applying radiant heating in building 
such as: 


1. By warming the walls and ceilings of the building. 
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Figs. 10 and 11—Method of constructing pre-fabricated radiant panels. Fig. 10, flat oval 
copper tube is inserted in grooves in the lower sheet; fig. 11, a cover sheet is annlied 
under heavy pressure to complete the panel. 


circulating warm air through shallow ducts under 

3. By placing hot water pipes in or under the floor. 

4. By attaching separate heated metal plates or panels to 
the interior surfaces. 

5. By electric heated metal plates or panels. 

6. By electrically heated tapestry mounted on screens and 
on the wall. 


Panel Heating.—Heating panels may be located in ceilings, 
walls or floors. 


Ones. What are the features of ceiling panels? 

Ans. Ceiling panels have the advantage that their heat emis¬ 
sion is not affected by tapestry or furniture and that they can 
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be used to a limited extent as cooling panels during the summer 
months. 

If used in low rooms, however, they may produce an undesirable 
heating effect upon the head. 

Ones. What is the advantage of floor panels? 

Ans. Floor panels have the advantage that they can be easily 


Fig. 12 — A pre-fabricated radiant panel made of } 4 . in. copi)er tube in metal lath for 
with plaster construction. 

installed and that much of the radiated heat is delivered to t 
lower portions of the walls. 


They have the disadvantage that their heat emission is rather uncertain 
since it may be affected by rugs, carpets, furniture, machinery, etc. 

Size of Panels,—It is best to make the panels as large as 
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practicable. For instance if the floor or ceiling be used as the 

heating panel, it is best to use the entire floor or the entire 
ceiling or both. 

Heating yoom by means of panels is very similar to lighting a room 

SaveSgtt" " that if ha^^STr 

hy means of a large number of small units dis- 
u'"®'" *h® ceiling, the room is lighted nearer unifOTmlv 
t if It be lighted by means of a single unit of equal capacity. Similarly 


that in radiar 

totmg installations, the wanned panel surfaces transfer heat t 
thefcoundmg air by convection and to all solid surfaces b 


sSSSrxItrsa Iw®"”' ~s=s.-: 
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radiation alone. The radiant ray passes through air-filled spaced 
ivithout giving up heat to it. 

Heat transfer, whether by convection or radiation, follows 
the same law in the radiant system as in any other, i.e. from 
the warmer to the cooler exposure, and in quantity, directly 
proportional to the existent temperature differences. 


Fig. 14 — Forming a U bend in a grooved B, wooden jig. A tube bender is made for each (rf | 
the different center-to-center spacings needed for the various panel coils for the joh ; 
The illustration shows the bending jig B, in position and the U bend being formed. 


The natural tendency of warmed air to rise makes it appareii(| 
that this induced air current movement is greater at the cooler | 
floor and exterior walls of the average heated enclosure than at j 
its ceiling. It is through absorption by these air currents that the ] 
radiant panel releases the convection component of its heat j 
transfer to the room air. 

Tests, as reported by Chase Brass & Copper Co. indicate thes^ 
surfaces transfer their heat in about the following proportionrj 
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Surface 
Floor 
Wall. . 
Ceiling 


Convection 

Transfer 


45 % 

40 % 

33 % 


Radiant 

Transfer 

55 % 

60 % 

67 % 



I The floor panel thus performs more nearly akin to the convec- 
I tion radiator system while the ceiling panel most closely con- 
I forms to the true radiant principle. The conventional heating 


f Fig. 15— The straightener A, and bender B are used together to make the return run. 
%■: !The straightening jig marked A, has been moved forward to engage the front end of the 
U bend on the bending jig marked B, and the tube is being straightened for the return 
^ ; run. Using 5^ in. and in. type L, soft copper tube, and these plain wooden jigs, a fitter 
I can fabricate many panel coils in the course of a day without much eflFort. 

I systems (Steam, Hot Water or Air) carry convection com- 
I ponents ranging from 70 to above 90% of total effectiveness. By 
I comparison the radiant system, irrespective of its panel location, 
I carries the radiant principle to a maximum obtainable within 
% the limits of reasonable present day construction. 
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Ques. From the standpoint of physical comfort what should 
be the temperature allowance for floor panel design? 

Ans. In ordinarily occupied areas, the temperature should 
not be allowed at any point to exceed 85° F. nor to develop 
an average mean temperature of more than about 80° F. 

In areas such as passageways, occasional industrial occupancies, etc., 
in which the individual does not remain stationary for any very long 
period, higher floor temperatures may be safely used. 



Fig. 16--Ceiling panels of copper tube are light in weight and require no more than the 
usual amount of ceiling plaster to cover the tube. 


Ques. What limit should be arranged to wall panel tempa'- 
atures? 

Ans. They should rarely exceed a mean of 95°-100° Fahr. 
Ques. How about ceiling temperatures? 
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Fig 17—The foor panel was laid with long 60 ft. lengths of copper tube, and few fitting 
eonnections were required. 

wall treatment may be used as a supplement wherever large 
glass or door exposures are encountered. 

Ones, What is the accepted practice in multiple story con¬ 
struction? 

Ans. The use of ceiling panels appears to be more desirable 
from both the standpoint of physical comfort and over-all 
economy. 


Ans, They should not exceed 130° Fahr. low ceilings being 
kept at considerably lower temperatures. 


Ones, What are the recommendations for living or working 
areas constructed directly on the ground, particularly one story 
structures? 

Ans. Floor panel should be used. However, partial ceiling or 
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The designed utilization of the upward heat transmission from ceiling 
panels to the floor of the area immediately above will generally produce 
moderately tempered floors. Supplementing this with automatically con¬ 
trolled ceiling panels, will bring about a most ideal radiant design. 
Except directly below roofs or other unheated areas, this design eliminates 
the need of intermediate floor insulation sometimes used to restrict a 
ceiling panel’s heat transfer exclusively to the area imme4iately below. 

It must be remembered, however, that when intermediate floor in¬ 
sulations are omitted, the space above a heated ceiling will not be en¬ 
tirely independent with respect to temperature control, but will necessarily 
be influenced by the conditions in the space below. 



Pig. 19—Wall panel coils as installed in the new dressing room addition. 

Apartment buildings and many office and mercantile structures should 
find the ceiling {.anel most desirable. In offices and stores the highly 
variable and changeable types of furnishings, fixtures and equipment 
favor the construction of ceiling panels, to say nothing of the advantage 
of being able to make partition alterations as may be desired—a benefit 
available to radiant designs utilizing either ceiling or floor panels. 

Panel Control Systems.—While any thermostatic method 
of control will function with a radiant heating system, the most 
desirable method is that based on continuous circulating hot 























388 


Radiant Heating 


water. The temperature of the water should be automatically 
adjusted to meet outdoor conditions, but the circulation itself 
controlled by interior “limiting” thermostats rather than the 
simpler “off and on” method of circulating hot water at a fixed 
temperature. Standard equipment of both types is available 
in the market. 

Owes. Describe operation with room thermostat control. 
Ans. When the thermostat calls for heat, the booster pump 
starts and rapidly circulates heated water through the radiant 
panels until the heat requirement is satisfied. The pump is then 
shut off by the thermostat. 

In the B & G system as long as the pump is running, the “Flo” con¬ 
trol valve is forced open by the flow of water through the pipes, per¬ 
mitting free circulation of heated water through the system. When the 
pump stops, the control valve closes, preventing circulation by gravity 
which might cause overheating. 

Oues. Describe the outdoor-indoor control. 

Ans. This style differs from the one just described in that 
water is continuously circulated through the radiant panels. Hot 
water from the boiler is admitted to the system in modulated 
quantities when the temperature of the circulating water drops 
bjelow the heat requirement of the panels. 

This modulated bleeding of water into the panel piping is accomplished 
through a by-pass valve. When no additional heat is required, the valve 
is closed. When more heat is required, the valve is gradually opened by 
the combined action of the outdoor temperature bulb and a temperature/ 
bulb in the supply main. This system gives control by the method of 
varying the temperature of the water. 

Installation Requirements.—The important item is the 
proper arrangement of piping forming the distribution systaa 
One of the essentials to the successful operation of any hot water 

_ 
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♦Note.—By reversing direction of grade at H, air trap B, can be eliminated. Same riser 
vent layout should be used for up-feed systems. Test cocks P, should be located accee- 
sihle for occasional use. Open ends of vent tubes R, (normally dry) can discharge visibly 
into nearest drain or sink. 
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heating system is the provision in design which assures an eve^ 
flow balance throughout all parts of the system and definitel| 
eliminates any possibility of so-called “short-circuiting.” 

Venting.—One of the most commonly encountered defects in] 
hot water system design is that of improper venting. The flowl 
should be automatically kept free of air binding throughout A 
practical method is shown in fig. 20. The only requisites of l._ 
most satisfactory method of venting are: 1. Locate air trap in | 
an area readily accessible for repair; 2, locate air trap test cock] 
where easily operated; 3, locate both 1 and 2, where not subject s 
to freeze-up as both are non-circulating except during ventin 
operation (automatic or manual). 



. 3 ' 
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CHAPTER 24 


House Insulation 


I The Reason for Home Insulation. — The inefficiency of 
I ordinary building materials to resist the passage of heat brought 
about the need for a material which is primarily insulation. Heat 
seeps through uninsulated building construction without 
difficulty. 

According to Johns-Manville, in summer about % of the heat entering 
the house comes in through the roof. In winter, however, about 3^ of 
the heat escapes through the roof, the next through the walls and the 
balance through glass windows, doors and leaks around these openings. 

Owes. What do you understand about the term dead air 
space? 

Ans. It was formerly in common use as applying to the hol¬ 
low space in building walls (fig. 1) and the popular impression 
^ was that this prevented heat transmissions — something like the 
f space in the walls of a thermos bottle. 

I This notion has been proven wrong because the air in such spaces will 
I circulate and transmit heat by convection. 

I 

I Ques. How is the air circulation checked? 

I Ans. By filling the hollow space with an insulating ma- 
I terial which contains a great number of small confined air spaces 
I per unit volume — this stoppage of air circulation is what pro- 
f duces the insulation effect. 
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It is obvious that the most practical method of home insulation is toj 
fill the area in the walls of a house with a material containing thesej 
minute air spaces. | 

The roof or attic floor of any home can be insulated, as can also tkl 
walls of any frame house, whether of stucco, clapboard, shingles, brick] 
or stone veneer. The form in which the insulation is applied depends on] 
whether the house is already built or is being constructed. 


between lath and outside siding which' 
shoiud be tilled with insulition. 1 ms is done during construction by applying the in- 
sulation in the form of baUs or blankets, and for existing buildings by blowing. 


Rock Wool.—This material is very extensively used for in ' 
sulation. The molten rock from the cupola when struck by the 
blast of live steam is blown with shiny, feathery threads. These’ 
fibres, falling, cooling, intertwining, settle at the bottom of the 
blow chamber and form a thick blanket of rock wool, which is 
an excellent insulating medium. 
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The cellular nature of rock wool makes this material the ideal product 
to obstruct the passage of heat in either direction. A barrier of rock wool, 
placed between the inner and the outer shells which constitute the 
walls of a modern frame building, provides an “overcoat for the home'" 
which helps keep the household cooler in summer and warmer in winter, 
at the same time reducing fuel bills. 


Ques. Name two types of rock wool. 

Ans. 1. Rock wool in batt form which facilitates its installa¬ 
tion in houses that are under construction; 2, rock wool made 
into modules or small balls which facilitate blowing the material 
into houses already constructed. 

Batt Type Rock Wool — The felted wool for batts moves directly from 
the blow chamber conveyor on to the batt-forming machine. This ma¬ 
chine shapes the wool into the required width and thickness and trims 
the batts to size with a traveling cut-off saw. The various styles of batts 
are packed in cartons. 

Module Type Rock Wool — Conveyor belts transport the wool from 
the discharge end of the blow chamber to the modulator. The modulator 
combs the wool and eliminates foreign matter. This machine also forms 
the wool into small knots or nuggets convenient for installation by the 
blowing machines. The modulated wool is bagged. 


Houses Under Construction 

The insulating material used is for convenience put up in two 
forms known as: 

1. Batts. 

2. Blankets. 

The batts are manufactured with a vapor seal paper adhered to one 
face, covering the entire surface and extending 1 ]/2 ins. on the long sides 
of the batt. These in. laps neatly folded against the membrane 
backing in manufacture, are turned out and tacked or stapled to the 
studs, rafters or joists in application. The paper backing helps to pre- 
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vent the passage of vapor and resists the penetration of moisture fronts 
Excess water in fresh plaster. 

Blankets are made of a continuous strip and furnished in three thicks 
nesses: Thick, 3 in., medium, 2 in., and 1 in. In addition to the vapor 
seal paper on one face of the super-felt, kraft paper covers the otol 
three sides and is cemented to the in. laps of the vapor seal paper^ 
Application is made by nailing through the UA in. side laps 



Super-Felt 

Blankets 


Figs. 2 and 3—General appearance of insulation batts and blankets. 
The sizes and packaging are as follows: 


Size of 
blankets 

15 in. X 48 ft. 
15 in. X 24 ft. 
15 in. X 36 ft. 


Thickness of 
blankets 

Thick (3 in.) 
Medium (2 in.) 
1 in. 


No. i^r 
container 

2 pieces 
2 pieces 
2 pieces 


net installed 
Area sq. ft. 

45 48 

60 64 

90 96 


Widths greater than 16 in.—up to 33 in. obtainable on special ord«r. 
The difference between batts and blankets is shown in figs. 2 and 3. 


P 
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I How to Handle Batts and Blankets.—The following in- 
j structions apply to both batts and blankets. Where instructions 
I are given regarding the papers or unpapered faces, reference is 
j made to the batts. Where instructions are given regarding 
I blankets, the vapor seal paper is that face of the blanket which 
; extends 1 in. on the long sides. 

; Owes. How do you unpack the insulation? 

; Ans. Place container on floor with side marked “top” facing 
j up. Puncture container at comer and rip open carefully. When 
f handling the insulation, obtain a firm grasp on both the rock 
j wool and the paper backing attached to it. 

! Installation.—The insulation should be butted snugly to- 
|gether in order to eliminate heat-leaking voids and crevices. 



EXTERIOR 


2 


BETWEEH 5TUD5 
EXCEEOIMG DEPTH 


Figs. 4 and 5—Applying insulation between studs. Fie 4 betwe<»n A « c 

between studs over 4 inch in depth. a^uus. rig. 4, oetween 4 inch studs; fig. 5, 


EXTER/OR-3 





WOOD LATH 
CONTINUOU5 



^UTH Bk plaster 

fi*'- 6, ceiling joists, and fig. 7. between rafters 


over 4 





































396 


1 ^ 
^ a 


W <u XJ 

c 3 ® 5 
JSx cs 

0) CD 

at ^ 
®’5 
a CO 


box “ 
cow 

|.s& 

C tJ< 


^ a 

° I 

M 


s ^ 

2 “ 

eG 0 ) 

«2 .. . 


O ' 

_ »H 

CJ <u - 

Q) C 


1 ^ 




g p 

’St ^ 

c CJ 
0 ) 03 
<D ^ 

& 


*Ti 

0 


^ O .V . 

o ^ 
o.P^. 


4J 0 

s'ss: 




4? iS 

g«' 

JS 


P 3 


House Insulation 


















House Insulation 


397 


Between Ceiling Joists. — Place insulation with vapor seal 
papered face down and resting on top of lath, as in fig. 6. 

Over Insulating Board Panel Ceiling. — When the batt or 
blanket insulation is installed directly over an insulating board 


panel ceiling, ordinary wood lath spaced approximately 6 ins. on 
centers shall be laid across the furring strips to support the 
insulation. 

Between Roof Rafters. — Install insulation between rafters 
the unpapered face of batts and kraft paper of blankets 
.against the roof sheathing or shingle lath. Secure paper laps to 
■sides of rafters. 


nc. 9—Applying insulating batt43 between studs. 
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Between Floor Joists.—Place between floor joists overun 
excavated or partially excavated air spaces as follows: If l„_ 
be reasonably dry and the space be well ventilated, place insuli 
tion with unpapered face of batts and kraft paper of blankets 
against underside of flooring and papered face of batts an, 
vapor seal paper of blankets face down. Paper laps are turnet 
down against and secured to sides of joists, as in fig. 7. 


If earth be damp or swampy, or if no ventilation be provided, insi 
vapor seal paper or planet roofing betw'een the rough and finished 11 
ing and place insulation as described in the preceding paragraph. 

Other Spaces. — Odd shaped places are to be filled with pie 
cut from blankets or full batts. 


Fig. 10 “Batts'’ being insialkcl between attic floor litain.s. 
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Pieces must be cut carefully so that they will fill spaces snugly and so 
that paper laps will be formed for securement to the framing members 
and provide a continuous vapor barrier. 

Fill narrow or small spaces, such as those around window and door 
frames, plumbing pipes, etc., by hand, stuffing with pieces of rock wool 
torn from the blankets or batts. Cover all hand-stuffed spaces with 
vapor seal paper backing from the insulation, with J-M vapor seal 
paper, or with J-M planet roofing, to provide a continuous vapor barrier. 



G. 11—Model of an insulated house showing rock wool applied between studs and roof 
rafters. 


Fastening.—Secure insulation in place by tacking or stapling 
irough paper laps into framing members. 

Space fasteners on 6 in. centers. Where lath is to bo applied after in¬ 
sulation has been installed, fasteners sufficient only to hold the insula¬ 
tion in place temporarily need be used. 

LNote.—For closed, inaccessible spaces, Type A Home insulation applied pneumatically 
us recommended. 












Where insulation is installed between rafters as shown in fie. 7 
e^in^ centers continuous wood strips over paper laps. Nail 
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fiG. 3—Detail of insulated 


rot proof roof deck construction. 


U5e5ui}able fastener; 
to secure, corrucafed 
transitc to 



ru6ai< 

Tronsiie- bull Jom1 
consiruchon. 
Eou^h side up 

TYPICAL ROOF 
CONSTRUCTION 


■fto. 14 —Transite insulated roof. 


4' min. 
.bearing 
area a \ all 
end Joints 
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Fjc 


eathertite sheathing being applied on a roof of a house in construction. 



^iGs. 16 to 20— Building board construction details. Building ho«rH i 

apphed on new or existing construction over framinJr ^ r • ‘ 

cf New’Bl^ate^C^n'^,'' manufactured b/'the 
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Houses Already Built 


Fig. 21—Construction detail of alleged frame or veneer houses such as are put up today 
'jnth non-descript materials and by non-descript carpenters, being in fact merely thin 
hollow decorative shells through which heat readily flows in and out. 


The alleged frame houses they slap together to-day in a hurry 
might be called veneer houses and they are merely thin, hollow 
decorative shells. 


If you took the plaster and lath off your walls and ceilings, this is 
what you would see- virtually four inches of heat-stealing space. With¬ 
out insulation, summer heat flows in, winter furnace heat escapes through 
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those hollow heat-leaking spaces in walls and roof. Only by filli n g th 
spaces with an effective barrier against the passage of heat can thi> 
undesirable conditions be corrected. Or as an alternative by using insulii 
ing boards both outside and inside the studs. 

Ques. What kind of insulation is used for insulating houi 
already built? 


Fig. 22- Blowing insulation through clapboard siding. 

Ans. Rock wool in the form of small knots or nuggets. 

Ques. How is the wool applied? 

Ans. By blowing it into the hollow spaces by means of I 
and blowing machine. 
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• ^ an ''^**** when blown into the walls and attic spaces with compressed 
air tills every space with heat resistant material. This method is the 
only practical way of insulating houses already constructed, whether of 
wood, brick or stone veneer, or stucco. 


Oues. How is the insulation furnished? 

Ans. In stenciled paper bags containing approximately 40 lbs. 



Fig. 23-Blowing insulation through wood siding shingles. 


Ques. At what pressure is the insulation blown? 
Ans. Usually 2 lbs. per sq. in. or less. 
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Oues. What is accomplished by the pressure? 1 

Ans. It gives a firm, even pack which assures maximum | 
thermal efficiency; and it puts the material under an initial 1 
compression so that any subsequent vibration or building more- 1 
ment will not cause the insulation to settle, but rather to expand 
and thus retain its full insulating Value. 


ft 

iin 



Fig. 24 —Blowing insulation through brick veneer walls. 

The insulation work, for the most part, is done from the outside will j 
a minimum of litter, dust or disturbance inside the house. 

Ques. Where are the openings for blowing made? 

Ans. Near top of wall panels. 
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Owes. How is the insulation installed. 
al Ans. By inserting the nozzle of- the hose, Vhich comes from 
e- the blowing machine, into each hole and blowing the material 
id into the panel. 


r^G. 25 -Blowing insulation through stucco walls. 


v'ith 


I Ones. What tests should be made before the work of blowing 
-starts? 


Ans. Soundings should be made with a plumb bob to locate 
cross framing. Where such framing is found, additional openings 
^are made to assure that all spaces will be fitted. 
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Fig. 26 Blowing insulation between joists of an unfloorerl attic- very important. 



Fig. 27—Blowing insulation in a floored attic. Only a few boards are removeH in . 
access to the entire areas to be insulated. ‘waras are removed to f 













































Ficj. 29 — Removing novelty siding - shiplap. 
Fia. 30—Removing siding — tongue and groove. 
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ord paper or a similar material across the back of the studs, 
and blowing behind it. 


It may be necessary to make an opening in the roof large enough to 
allow workmen to enter. The entire ceiling, including the portion from 
the wall line of the eaves to the walls of the third-story room, is insulated 
by blowing. 



i Owes. What should be done around windows? 

Ans. All portions around windows should be insulated thor¬ 
oughly, as considerable air infiltration takes place around win¬ 
dow framing. Insulation should be kept out of window weight 
Ipace. 
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Oues, How is the insulation applied in the case of open joist&i 
on unfloored attics? 

Ans. The man operating the nozzle stands on the joists and 
sprays the material to the desired thickness between the joists. 



If the attic be floored, it is necessary to remove a few floor boards and 
insert the hose between each pair of joists, pushing the hose in as far as 
necessary to fill the space to the eave line. The material is then blown 
and as the space fills up to the required depth, the hose is slowly with¬ 
drawn. 

All expansion tanks, water tanks or pipes above an insulated attic 
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Fig. 33 —Removing a shingle. Insert the shingle 
ripper under the course above the shingles to be 
removed. Cut the upper and lower set of nails 
by hammering the ripper downward or upward. 
Insert the ripper under the shingle to 1^ removed 
and cut two sets of nails, upper and lower, by 
pulling or hammering downward on the ripper. 



34—Removing shingles For instance, if five shingles are to be removed from the 
lop row, the numters should start at the left. Shingle No. 1 remains in the roof: shingles 
•'emoved, and No. 7 remains in the roof. Shingles 1, 7. 8, 15 16 
22 remain in place. Remove 2, 3, 4, 5, 6, 9, 10, 11, 12, 13, 14, 17, 18. 19. 20 and 21 
for opening — more if necessary. 
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floor must be carefully insulated, as they are subject to freezing upon] 
completion of the insulation of the top floor ceiling. ' 

Tools Required. — The tools required are electric drills, cir¬ 
cular saws with teeth set for wood cutting and screw drivers for. 
removing plugs from the saw (if not self-ejecting). The drill| 
recommended is one having characteristics similar to the Stan 
ley 34 in. standard duty drill, series 121-D 4.5 amperes, 110 
volts and 380 r.p.m. Such a drill has proved satisfactory in every? 
respect. Circular saws may be purchased 

Size of Holes. — It is recommended as a general practice that 
the size of holes be no greater than 3 ins. and no less than 2 ins. 
in diameter. A 234 in- diameter hole is sufficient to take the 
entire output from a 234 diameter hose. Furthermore, the — 
234 in. diameter hose has shown no reduction in the output of I 
material delivered by the B-1 and B-1 Junior machine as com-i 
pared to the output of a 3 in. hose. 

Position. — It is recommended that no greater 
height than 7 ft. be blown from any one wall opening. Blowings 
upward from any opening shall not exceed a height of 2 ft. 

Caution of Balloon Framing. — Under no circumstances 
should balloon framed structures be blown from the upper floor 
only, as under these conditions it is quite possible that the 
material in the lower floors may be of too light a density to 
maintain its position against vibration. 

There is also the possibility that the ihaterial may tend to “hang up” 
in the walls and leave void spaces. ) 


Blowing Exterior Walls.—The method of blowing stud 
walls, after the removal of that part of the outside surface essen- 
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?ig.35 —Blowing diagram for balloon frame structure distorted to show method of blowers. 
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tial for the preparation of holes for blowing, is usually a standa 
operation. 

Mentioning again, however, that the recommended height or dept^- 
for blowing should not be exceeded, another opening always being mad^ 
when such limitations are reached. In case of a length exceeding 7 ft. of | 
blowing, the second set of holes are made for convenience along theil 
line of the window ledge as openings have to be made under windowitl 
in any case. * 

Roof Areas, Attic Floors, etc.—These areas are not blown] 
under pressure, consequently there is no settlement problem.1 
Therefore the one objective is to lay the material as evenly asl 
possible in order to eliminate extra labor of leveling or screening! 
by hand. 
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CHAPTER 26 


Oil Burners 


This chapter treats of both high and low pressure domestic 
burners. 

% Burners of high pressure type are properly called sprayers 
4 because they spray the fuel instead of vaporizing it. 

, i Ques. What is the criticism of the term oil burner and why? 

! I Ans. It’s a misnomer, because the alleged oil biuner doesn’t 
bum the fuel, but only prepares it for biirning. 

1 Ques. How does it prepare the oil? 

; Ans. By spraying it and mixing it with the proper amoimt 
\ of air for combustion. 

i 

: Ques. What is an alleged atomizing burner or atomizer? 

Ans. A misnomer, used ignorantly and sometimies 
-imaUy (by salesmen) for a sprayer. 

The word “atomizer” as applied to burners, is a ridiculous 
and misleading misnomer — simply hot air sales talk. 

Ques. Why is it a misnomer? 

i Ans. It gives the impression that the bmner actually breaks 
I up the fuel into atoms; although very good hot air sales talk, 
I Twthing could be more ridicxilous as it is very far from the truth. 
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Oues. What does an alleged atomizing burner really do? 
Ans. It breaks up the liquid fuel into very minute liquid; 
particles or globules, that is, it separates a jet of liquid into a 
finely divided spray resembling “liquid dust”. 

The term “atomizer” is a misleading term and should never be used. 


C AIR ADJUSTMENT COLLAR 


B NOZZLE 



ROTARY TURBULATOR VANES 

C NOZZLE STRAINER 


“•P CUT OFF VALVE 
H PRESSURE RELIEF VALVE 
I BY PASS AROUND PUMP 
»OIL SUPPLY LINE FROM TANK 

Ifte. 1— Elementary high pressure domestic burner showing essential pans. 

Elements- of a High Pressure Sprayer Burner.—Thd 
essential parts of the burner proper or those parts within the 
casing as shown in fig. 1 are: A, nozzle tube; B, nozzle; C, 
nozzle strainer; D, ignition electrodes; E, electrodes bracket;, 
F, w entrance; G, air adjustment collar; H, fan; I, rotaiy 
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Iturbulator vanes. Outside the casing are; J, motor;' K, oil 
pump; L, oil supply line; M, strainer; N, pressure relief valve; 
0, by pass; P, cut off valve; 0, oil line to nozzle. 

I This comprises the essentials for the alleged “one pipe system.*' 

The so-called two pipe arrangement is shown in fig. 2. Both terms 
are ridiculous because two pipes are required in both cases, that is, the 
second pipe is either a by pass line around pump, or return line to tank. 
The electrical control system is not as yet considered. 


How a High Pressure Sprayer Burner Works.—The 

Itementary diagram fig. 1, is intended to show plainly the rela* 

I; 

H'. 

SO CALLED I 1 

TWO PIPE 


=o 


N P 


RETURN LINE TO TANK 

FROM PRESSURE RELIEF VALVE 


?ic 2—Detail showing the so called two pipe system. Compare with fig. 1. The author m 
{Considers the terms one pipe and two pipe ridiculous as there are two pipes In each system.' 

By pass and tank return would be better as they are self defining. 


tion of the different parts of a burner to give a clear under- 
litanding of its operation. 

, Owes. How is the fuel delivered to the nozzle? 

I Ans. Fuel is drawn through a strainer from the storage tank 
‘ by a pump K, and forced under 100 lbs. per sq. in. pressure 
^ past pressure relief valve N, and cut off yjilve P, through oil 
I line 0. and fine mesh strainer C, to nozzle B. 
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Ques. What is the action in passing t;hrough the nozzle? 
Ans. The fuel is broken up and sprayed in a very fine mist. 




Ques. How is the spray mixed with air? 

Ans. The air supply is drawn in through the case opeiiiii||s 
F, and forced through the draught tube portion of the casinj ^ 
by the fan H. This air mixes with the oil spray after passiit 
through a set of vanes' I, called a turbulator. 


Ques. What is the result of passing the air through tlii 
turbulator? 

Ans. • It is given a twisting motion just before it strikes tin 


oil spray, producing a more thorough mixture of the oil and 


0 | 

rh( 


)n' 

Ques. How is the spray ignited? ^ it 

Ans. Ignition is supplied by a transformer which chang 
the house lighting current to a high tension current and fea [(; 
it to the electrodes D, to provide a spark at the beginning« 
each operating period. ' 

»n|.' 

Ques. Describe the starting cycle. |d il 


Ans. When the motor circuit is closed (automatically I 
room temperature control later described) the motor J, sta 
turning the fan and the pump. At the same instant, the igniti| 
transformer produces a spark at the electrodes ready to I 
the oil air mixtxue. 


Ques. Describe the oil feed control. 

Ans. Pump K, (fig. 1) pumps oil from the tank and thn 
strainer M. Its flow is controlled by an oil cut off valve fl 
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IBj 


which prevents oil passing to the nozzle unless the pressure be 
high enough to spray the oil (60 lbs. approx.). 

however, pumps oil much faster than it can be dis- 
tfmiM t nozzle at that pressure, so the oil pressure con- 

tinues to nse very fast between the pump and the nozzle. 

suifnnn begins to rise above the normal operating pres- 

In L “ pessure relief valve N, opens and allows the excess 

Jr" bne O, to inlet line, as in the so called one 

to the through a second or return line R, fig. 2, 

thAtw ivf PT'*'’® '^alve N. in either system maintains 
the oil at the correct operating pressure. 


Oues. What happens when the burner is turned off, that is 
then the motor stops? 

^ns. The oil pressure quickly drops below the operating 
ressure and the relief or regulating valve closes, the flame 
mtinuing until the pressure drops below the setting of the 
Mt off valve P. 

ns 


iig 


Cut Off and Pressure Relief or Regulating Valves.— 
hese valves may be either two separate units or combined 
ito one unit. Fig, 3, shows the essentials of the two unit ar- 
ngement. These are as shown, simply elementary mechanisms 
lillustrate basic principles. The cut off needle valve is shown 
^ 1 lith spring inside cf bellows, and the pressure relief (mushroom) 
^tai alve with exposed spring. In the cut off valve arrangement the 
litii '™8 acts against oil pressure on the head of the bellows 
li| Ming to collapse it); in the pressure relief valve, the spring 
cts against the oil pressure which acts on the lower face of the 
wshrobm valve (tending to open it). 


rou 
Ive 


Oues. How does it work? 

Ans. When the pump starts and the pressure in the line 
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rises to about 60 lbs. (depending upon the spring setting) $ 1 

pressure acting on the head of the bellows overcomes the res 
ahce of the spring causing the cut off valve to open. Since 
pump pumps more oil than the nozzle can discharge the 
sure quickly rises to 100 lbs., overcoming the resistance 
relief valve spring and causing the valve to open. This allot 
excess oil to by pass or return to the tank according as 
system is respectively so called, one or two pipe. 

ADJUSTING SCREW- 


c 

A 
rah 


irhe 


INLET 



FlC. 3r--EIcmentary sectional view of separate unit cut off valve and pressure 
showing also strainer, pump and piping. 

Ques. How high does the relief valve open? 
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Ans. Only high enough to maintain the working pressure 
ttnstant at 100 lbs. 


- Oues. What happens when the burner is turned off? 

Ans. The oil pressure quickly drops and the pressure relief 
’ valve closes. However, oil will continue to discharge from the 
rozzle until the pressure drops below the cut off valve setting 
when the cut off valve closes and stops the nozzle discharge. 

Ques. How is any remaining pressure trapped by the closing 
of the cut off valve equalized? 

Ans. A passage to the return line is provided by a small 
slot cut in the seat of the mushroom valve. 

The letters P and N correspond to P and N in figs. 1 and 2. 

^ Combined Cut Off and Pressure Relief Valves.—Usually 
: the cut off and relief valves P and N, of fig. 3 are combined in a 

I ' tompact cylindrical casing, as in fig, 4, 

Here the two valves are attached to a common stem having attached 
a flange, which comes in contact with a stop when moved upward by 
the pressure of the valve actuating spring. 

The position of the stop limits the valve movement to proper maxi- 
^ mum lilt. A piston, free to move in the cylindrical casing has an opening 
i in its head which forms the valve seat for the pressure relief valve. The 
strong piston spring tends to move the piston downward and close the 
1 pressure relief valve and then the cut-off valve. 


valv« 


Oues. How does the mechanism work? 

Ans. When the pump starts and the pressure in the cylinder 
below the piston rises to about 60 lbs. (depending upon the 
piston spring setting) the piston rises and also the two valves 
N and P, until the valve flange contacts with the stop. 

At this instant the cut off valve is fully opened, allowing oil to flow 
to the nozzle, the pressure relief valve being stili closed. Since the 
Bszzle does not have sufficient capacity to discharge all the oil that is 
> pumped bv the pump the oressure below the piston will continue to 
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"v- 

I High Pressure Burner Construction.— The general ex- 
f ternal appearance of a typical high pressure or gun type 
; domestic oil burner is shown in fig. 5. These parts are numbered 
;in the cut and listed in the text beneath the cut. The location 
of the parts vary somewhat in different makes, but construe- 


Fig. 5- Ignition transformer located on top of Johnson burner, The parts are: 1. Draught 
tube; 2, counter-balanced draught shutter; 3, transformer, 4; ignition and firing assembly 
plate; 5, pump strainer and valve unit; 6, pyrex fire inspection holes; 7, oil feed tube 
irom pump to nozzle; 8, motor; 9, built in thermal motor protector; 10, legs; 11, fan 
housing. 


lion is now nearly standardized. The mechanism assembled 
inside the draught tube, comprising gun with nozzle, electrode 
placement and tubular vanes is very plainly shown in fig. 6. 
Taught tube assemblies are further shown in figs. 7 and 8. 


L 
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Usually a fuel pump of the gear and crescent type is used as in fig. 9,1 
A pump of this type with strainer and valve assembly is shown in fig. If 
Typical placement of fuel pump is shown in the side view of the Branfoi 
burner, fig. 11. 

Air System.—The usual make up of the air system con„ 
prises fan, air shutter draught tube and turbulator. The draught 
tube and turbulator has been shown (figs. 6 to 8). 


^ ^—sectional view showing appearance and placement of electrode assembly as io.3 
stalled in burner draught tube. View also shows a turbulator located in advance of tl»| 
burner nozzle. * 


ELECTRODE 


DRAFT TUBE' JET LINE 

Fig. 7 Details of draught tube showing turbulator air cone. etc. 
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Quee. What is the construction of the fan? 

Ans. It consists of a “squirrel cage” series of vanes or blades 



VtMJMTMCNl 

8 Detail of draught tube showing double turbulator consisting of air iii:4>etler and 
nose piece. 



Fig. 9—Sectional view of gear and crescent type of fuel gear pump with arrows showing 
direction of rotation and flow. 
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mounted on the rim of a wheel. These vanes are slanted! 
ward in such a manner as to provide the maximum discha 
of air. 

Fig. 12 shows construction of fan and flexible coupling. 

Ones. Describe the operation of the air system. 

Ans. The fan draws air into the fan housing and forces tlj 


Fig. 10 — Delco pump unit showing assembly of strainer, pump and valve. 

air through the draught tube and turbulator and into 
combustion chamber. The amount of incoming air can be i 
lated by adjusting the air shutter. 

Oues. What duty is performed by the turbulator? 

Ans. As the air is forced through these vanes, it is give! 
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Fig. llySide view of Branford pump, 
showing parts and connections. 
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swirling motion just before it strikes the oil spray. This mohi 
provides a more thorough mixture of the oil and air resultil 
in better combustion. ^ 

The shape of the turbulator varies in different models, but the pm 
pose IS the same—to thoroughly mix the air and oil spray. Fig. 8 shoif 
a doume turbulator called by manufacturers, air impeller and na 
piece. The illustration shows also other parts. See also figs. 6 and 7. 


flexible coupling. In this design the 


coupling 


I 

engages jaws of the 


Low Pressure Oil Burners. — These operate with low pres¬ 
sure gravity and are known as rotary burners. They are of 
various forms designed for different conditions. 

There are two basic types: 


1. Rotary nozzle. 

2. Rotary cup. 
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0u«8. How do they work? 

Ans. They throw the oil by centrifugal force. 


Oues. Describe the essentials of the rotary nozzle type. 
Ans. The essentials are shown in fig. 13. 




propeller 


Fta. 13—^Elementary rotary oil burner of the nozzle type. 


Air pressure acting on the propeller causes the nozzle assembly to 
rotate at a very high speed. Oil is supplied through the hollow shaft to 
the nozzles and the rotary motion causes the oil to be thrown off in a 
fine spray by centrifugal force. 

Owes. What happens to the fine spray? 
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Ans. The flame from this flne spray heats up the metal 
vaporizing rim hot enough to vaporize the oil spray as it comes 
in contact with it. 

Being thoroughly mixed with air a blue flame is produced. On some 
designs the spray vaporized by the vaporizing rim is superheated by 
passing through grills. 

Ques. What are the essentials of the rotary cup type? 


Ftc. 16 Petro rotary cup oil burner model W, manual type. 1. Oil metering valve (manual 
lype shown to simplify drawing); 2, stationary oil tube; 3, oil distribution head; 4, 
rotary distribution cup; 5, motor cooling induced air passages; 6, primary air control; 
7, air fan; 8, primary air pass; 9, turbulator air nozzle; 10, induced air to cool burner 
front plate and sleeve; 11, electric motor armature; 12, field core; 13, field windings; 
14, shaft; 15, ball bearings; 16, worm pump drive; 17, worm gear; 18, lubricating oil 
reservoir; 19, motor wiring junction box; 20, sleeve. 


Ans. These are shown in fig. 14. 

• The cup is cone shaped and rotates on ball bearings carried by a central 


A 


tube through which the fuel is supplied to the cup. 
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Oues. How does the rotary cup work? i ' 

Ans. In operation, drops of oil, issuing from the oil feed tip i 
contact with the cup as shown and by centrifugal force, the t 
drops are both flattened into a film and projected toward and v 
off the rim of the cup as shown in fig. 15. 


The rim being surrounded by a concentric opening of the casing, 
the oil is met by the surrounding blast of primary air with which it r 
mixes giving the proper mixture for combustion. [ 

I 

i 
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“> burner showing divided shaft 


The Esso and Gilbarco Oil Burner.—This is a fully auto- ' 
matic gun type oil burner for steam or hot water heating sys- I 
ems, hot air furnaces, winter air conditioners, domestic hot i 
water heaters and special industrial uses. The general appear- I 
ance of Model ECS is shown in fig. 17. The particular feature | 
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of this burner is a clutch designed to delay the starting of the i 
oil pump until after the fan starts. It is shown in fig. 18. ^ 

In construction the shaft is divided into parts, on one of which is 
mounted the motor and fan, and on the other, the oil pump. These shafts 
are coupled by a clutch as in fig. 18. 

In ope ration, when the motor starts, the fan starts, but the clutch 
being disengaged, the oil pump remains stationary. When the motor 
comes up to speed, the clutch is brought into engagement by centrifugal 
force and the oil pump starts. 


Oues. What is the object of this arrangement? 



FAN 


PUMP 


Fig. 18.—Elementary view of Esso and Gilbarco oil burner divided shaft and clutch. 


Ans. When the oil reaches the combustion chamber, there is 
the proper amount of air for efficient clean combustion. 


Ones. What happens when the burner is turned off? ' ^ 
Ans. The two parts of the clutch disengage. The resistance i 
offered the pump by the oil at 100 lbs. per sq. in pressure stops 
the pump at once, cutting off the flow of oil to the combustion 
chamber, and simultaneously the dynamic inertia of the fast 
rotating heavy motor and fan unit keeps the fan turning for ' 
several seconds after the oil pump stops. 


Oues. What is the effect of this ‘‘free wheeling^^ of the M 
Ans. It provides sufficient air for complete combustion (rf 
any oil drip from the nozzle. 
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lATINGS 


Current 

DC 

AC 60 cycles 
AC 60 cycles 
AC 50 cycles 
AC 40 cycles 
AC 25 cycles 


Motor 

Speed 

1 800 r.p.m, 
1750 “ ♦* 
1150 " 
1450 " 
1150 “ 
1450 “ 


Maximum 

Capacity 

U. S. Gals. 

Steam* 

Radiation 

Hot 

Watert 

5.5 

2200 

3520 

5.5 

2200 

3520 

4.0 

1600 

2560 

5.0 

2000 

3200 

4.0 

1600 

2560 

5.0 

2000 

3200 

gal. 

) B.T.U./sq. ft.) per gal. 



MU voiT, ou cycles. Available for other voltages and frequencies. 
Mimmorn ''ate for all motor speeds 3.5 g.p.h. Capacity — Flat Flame Hepd — 

approximately 20% less than shown in above table. ^ 


•wi -wii iiiwtwi ' 

approximately 20% less than shown in above table. 

FUEL OIL: Approved by Underwriters’ Laboratories, Inc. for No. 3 Fuel Oil 
in accordance with Commercial Standards CS-12-40 Dept, of Commerce. 

OIL FILTER 

Type; Sealed Cartridge Filter. 

Material; Cotton element, wire mesh support. 

Auxiliary 80 mesh Monel Metal strainer in nozzle holder. 

TUMP: Type; Rotary gear; integral shaft. 

KONOMY CLUTCH: Centrifugally operated, spring balanced. Precision mo- 
dwied aluminum drum, die cost line shoes, stainless steel hinge pins — lifetime 
lubricated beorings, high grade cork friction facing, flexible rubber coupling. 

niSSUIlE REGULATING VALVE 

Type: Single adjustment, bellows-actuated double-ended needle valve. 

Eonge; 75-150 lbs. per sq. in. 

NOZZLE HOLDER 

Exclusive “G&B” design with lorge mass and “V” slot oil possoge 
(Patented). 

Material; Brass. 


li 


MOTOR 

Size; Vt H.P. 

Type: Split phase long hour duty; flange-mounted. 

Speed: 1750 R.P.M. on 60 cycle A.C. 

Mi-in thermally operated, manually reset overload cut-out, Snap action 
Porting switch. 
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ELECTRICAL DATA 

Starting Current: 18.5 Amps 
Running Current: 4.6 Amps. 

Total Wattage: 240 Watts at 100 lbs. per sq. in. oil pressure. 

TRANSFORMER 

Type: Continuous duty with mid-point of secondary grounded. 

Voltage: 10,000 volts. 

Amperage: 23 milliamperes (maximum). 

Wattage: 70 watts. 

IGNITION Type: Continuous electric. 

Electrodes: One set — special heat-resisting alloy; porcelain insulators. 
Cables: Triple insulated; snap-on connectors; porcelain supports. 

RADIO FILTER: Plate Condenser Filter mounted In junction box on bum 
Transformer also has internal barrier to prevent radio interference 

CONTROLS: Combustion control is a stack mounted relay. Operating conH 
such as thermostat, etc. are of the low voltage type. The limit control is of 
line voltage type. 

FAN 

Type: Multi-blade, forward curved, balanced. 

Size: 6 13/16'' diam. x 3" wide; 36 floats. 

Material: Fabricated steel. 

Direct mounted on motor shaft. 

AIR SHUTTER: Type; Micro-adjustment; externally adjustable while burner 
operating. 

AIR TUBE 

Size: 5 11/16" diam. x 18 15/16" long. 

Also available in 26 15/16" length. 

Material: Heavy gauge steel with special Resistal cone and band. 

COMBUSTION HEAD 

Type: Internal vane turbulator with air concentrator. 

"Flat Flame" Head also available. Single nozzle. 

Material: Cast iron. 

WEIGHT — BURNER AND RELAY 

Crated 175 lbs. 

SpecHIcofiont and rotingt tub|#ct to chonge without notko or Ikbl^ 
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CHAPTER 26 


Automatic Control 


f Were it not for automatic control there would be no domestic 
i oil burners or very few as one might as well shovel coal as to 
'g spend considerable time in the cellar adjusting the output of 
I the burner to synchronize with the changes in heating load. 


Owes- What is automatic control? 

Ans. An automatic system which starts the burner and ' 
stops the burner as governed by changes in temperature in the 
room or rooms to be heated, 

Basic Principles of Automatic Control.—In order to 
understand the principles upon which the automatic control 
equipment is based, the following is given, relating to a very 
simple system which is husk of most of the systems now in use. 

The system here presented is progressively built up, illus- 
I trated with diagrams that anybody can understand. 


Oues. How many circuits are required for a simple control 
^tem? 


Ans. Three. 
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Oues. What names may be given to them based upo.*, 
function? 

Ans. Circuit No. 1.—Motor circuit; Circuit No. 2d 
thermostatic time switch circuit; Circuit No. 3—stack swi« 
or primary control circuit, also called combustion safety 
trol and what not. 


MO VOi.r SERVICE LIME 



MOTOR 

CIRCUIT 

1 


thermostat 


MOTOR 


Fig. I—'Automatic control power motor circuit No. I. T'he motor circuit 

Oues. Describe the power motor circuit No. 1. 

Ans. Current for operating the motor is taken from 
house power lines. One terminal of the motor is connec 
direct to one of the power wires. In the other wire to motoy 
placed a thermostat as in fig. 1. 


















Automatic Control 


437 


Ones. What is a thermostat? 

Ans. An instrument-which responds to changes of temper- 
^ure and which directly or indirectly controls the source of 
heat. 

Oues. What happens when the temperature of the room 
where the thermostat is located becomes too cold? 


SERVICE 


LINE 





A 


CIRCUIT 



NO. 2 





0 




TIME SWITCH 
CIRCUIT 

2 


TIME SWITCH 



^BREAK 

thermostat 


Tic. 2— .Automatic control power circuit No. 2. The time switch elrealt.' 

Ans. The thermostat closes the circuit which starts the 
motor, which in turn operates the fan and fuel pump. 

Owes. What is lacking in this one circuit hook up? 

.\ns. No means is provided for igniting the fuel, and no 
J^trol to act in case of faulty operation. 
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Oues, What is the next circuit to be connected? 

Ans. No. 2. Circuit, that is, the thermostatic timeswitj 
circuit. 

t 

Opes. Describe the hook up. 

Ans. One line of the motor circuit is cut, forming a brei 
or gap; across this gap Circuit No. 2 is connected. In this circu| 
is the time switch as shown in fig. 2. 

Ques« Hdw does the time switch work? 

Ans. It remains closed when no current is flowing, but i 
not remain closed long when current is flowing. This is tfe| 
time element which is the basic idea of this switch. 

Owes. Describe the operation thus far when the thermost4| 
closes, 

Ans. Since the time switch is normally closed when th^J 
thermostat closes, the circuit is complete and the motor start 
running, but only for a minute or so till the time switch acti 
and stops the motor. 

Ones. What control is added to prevent the motor stoppin|| 
if operating conditions be alright? 

Ans. A third switch is added called the stack switch circuil|j 

Ones. Describe the hook up. 

Ans. As shown in fig. 3, the third circuit which incluiyi 
the stack switch, is connected to the two terminals of the brea£| 

<Oues. How does it work? 

Ans. The primary purpose of the stack switch is to 
off the oil supply to the burner if it fail to ignite. Evidently! 
during the interval the time switch allow'/ the motor to 









Automatic Control 


439 


J*. . 

^ the fuel will be ignited, the stack will become warm which will 
r, cause the stack switch to close and maintain operation even 
[ after the time switch opens. Again if the fuel do not ignite, 
^ the stack will be cold and the stack switch will remain open 
with result that as soon as the time switch opens, the motor 
will stop. 



M thermostat 



STACK 

SWITCH 

CIRCUIT 

3 


Fic. 3—Automatic control power circuit No. j.'The slack suiidi circuit. 


The Primary Control 

1.2. 3.4. W.R.B 


By definition, the primary control is: The instnlment or 
membly of electrical devices which actually starts the burner and 
slops it in response to signals from the room thermostat. 
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Oues. Of what does the primary control consist? 

Ans. It consists of several electrical switches connected to»l 
gether in such a way that each part of the burner operates at! 
the right moment. 

Oues. What are the figures and letters 1.2.3.4.W.R.B? 
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Ans. They are terminals of a primary control of the type 
suitable for controlling the three circuit system just described. 

Primary Control Elements.—Various electrical devices 
which make up the master control shown in fig. 4 consists of: 

1, Transfoamer relay. 2, Ignition switch. 

3, Stack switch. 4, Safety warp switch. 

Oues. What is the object of the transformer relay? 

Ans. It reduces the house line voltage to a low voltage for 
the operation of the thermostat circuit. 


Qucs. What other function does the transformer relay per¬ 
form? 

Ans. This unit has a switch which when the thermostat 
calls for heat, passes current to the oil burner motor and at 
the same time passes current through the ignition switch to 
the ignition transformer. 


Ones. ^ What duty is performed by the ignition switch and 
why?' 

Ans. It has a heating coil which limits the ignition “on" 
period each time the burner starts. 


Ones. What is accomplished by the stack switch? 

Ans. The stack switch is a safety device which is operated 
by a thermostatic element in the stack. 

Ones. How does the stack switch work? 


Ans. If the temperature in the stack fail to rise within a few 
^conds after the burner starts, the contacts remain closed, or 
if the temperature drop after the burner has started, the stack 
switch closes. This permits operation of the safety warp switch. 














PRIMARY CONTROL CIRCUITS 

Heavy Lines^ HO Volts. Light Lines, Low Voltage* 
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Ques. What is the safety warp switch and what does it do? 

Ans. This is a heating coil with a contact attached to a 
thermostatic bi-metal strip which receives heat from the coil 
and* opens a circuit, locking the burner in “off” position in the 
event of flame failure or no fire at the start of the burner period. 

Ones. What do they call this locking of the burner in the 
off position? 

Ans. They call it “warped out”. 

Primary Control Sequence of Operation.—The various 
operations performed by the primary control may be described 
under these headings: 

1. When the thermostat calls for heat. 2. After the burner 

starts. 3. The burner during normal operation. 4. After 

the burner stops. 5. Recycling. 6. Flame failure. 

When the Thermostat Calls for heat.—When the room 
thermostat calls for heat and closes its contacts T as shown in 
the diagram fig. 5, this completes the low voltage circuit and 
current flows from the secondary winding S, of the combination 
transformer relay, through the white thermostat contact W, 
to the blue contact B, and stack switch contacts H, and start¬ 
ing switch contacts G, back to the other side of the transformer 
secondary S. 

Ones. What happens when the thermostat closes its con* 
tacts T? 

Ans. This action draws more current through the primary 
winding P, of the transformer relay which operates and closes 
the line voltage contacts J. 

Line current at 110 volts then flows from the high or “hot'* side of 

the line, through the limit control terminal 1, contacts J, terminal 3, 
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oil burner motor, and back to terminal 2, where it is cohnected i 
the low or ground side of the incoming line. 

Oues. What happens when the line voltage contacts J. 
close? 

.\ns. Current immediately flows through the ignition switch 
contacts, terminal 4, the primary (110 volt) side of the ignition 
transformer N, and back to the ground side of the line. 

Ques. What does the ignition transformer now do? 



Ans. It steps up the 110 volts to approximately 10,000 volt* 
and this is fed directly to the electrodes of the burner. 

Hence, as soon as the oil burner motor starts to deliver oil to th* : 
nozzle, a spark is available at the electrodes to ignite this oil. 

After the Burner Starts.— As the hot gases from the 
burning flame rise in the stack, they heat the bi-metallic ele- 
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ment in the stack switch and cause a small drive shaft to open 
contacts H. 

This generally takes about 30 to 35 seconds. When H, opens, the 
low voltage circuit is shunted through a resistance X, which reduces 
the low voltage secondary current. This in turn reduces the line voltage 
current sufficiently in the transformer primary P, to prevent the 
safety switch L, warping out, but the current is still strong enough to 
hold the transformer relay closed. 

Oues. What is the result, if for any reason, combustion does 
not take place? 

Ans. The stack switch will not be opened and the current 
drawn by the transformer secondary will not be reduced by 
the resistor X. 

Heat will be generated in the element of the safety switch L, and 
in about 90 seconds this will warp out and remain locked out. This 
interrupts the 110 volt circuit, causes the transformer relay to release 
and stops the motor and ignition. 

Oues. What do they call this position of the master control? 
Ans. The master control is said to be on “safety” or “warped 
out” 

Oues. What must be done to restore the master control to 
the normal starting position? 

Ans. The reset button must be pushed in by hand. 

Oues. What is the object of this feature? 

Ans. It prevents automatic and repeated attempts to start 
until the trouble has been rectified. 

The Burner During Normal Operation.—As the burner 
continues to operate, the ignition switch opens due to the in- 
fluence of its heating coil and this cuts off the ignition. Then 
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the fork shaped bakelite ann opens contacts G, and breaks the 
low voltage starting circuit. 

This puts the burner in its normal operating condition and will 
continue to operate until the room thermostat is satisfied, or until it 
is turned off by the limit control. 

After the Burner Stops*—When the room temperature 
reaches the desired temperature (corresponding to the setting) 
the thermostat contacts open and break the low voltage control 
circuit. 

This immediately causes the transformer relay to open, which in 
turn opens the motor circuit. The motor stops, the flame receives no 
more fuel ^d goes out. The stack element cools and closes the stack 
switch H. The heated warp element on the ignition switch cools and 
closes the ignition contacts and then the starting contacts G. The 
burner is now ready to start again when the thermostat contacts are 
again closed by a drop in the room temperature. 

Recycling.—The burner cannot start immediately after it 
has just shut off. 


Ques. Why? 


Ans. The heated warp element on the ignition switch must 
first cool so as to close the ignition contacts and then the 
starting contacts G. 


4 .V. thermostat contacts close by drop of room temperature 

the burner will start. This fact is of no consequence in normal opera¬ 
tion, but it can be misleading when one is testing or working on the 
burner. Always remember that a cool down period of several minutes 
is necessary when the master control is warm before it will respond W 
an increased thermostat setting or other call for heat. 


Flame Failure.—When this happens the drop in stack 
temperature will close the stack switch contacts causing in¬ 
creased current to pass through the safety switch, warping it 
out, and stopping the burner. 
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\ 



^ THERMOSTAT 
PRIMARY 
LIMIT ^^ONTROL^ 
CONTROL 


110 VOLT 
AC 


MOTOR 


IGNITION TRANSFORMER 


IriG. 8. Simple electrical system for bi^ner automatic control. The diagram shows the three 
essential elements and how they are wired. 
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Owes. What.must be done to make another start. 1 

Xns. The button on the front of the control must be press* 
in and then released. ^ 

Oues. What does thig*d6; ' 

Ans. It resets the safety switch. I 

Ones. What condition must be obtained to reset the safety^ 
switch 

Ans. It must cool off and waip out before it can be reset. 
This requires about 5 minutes. 

Limit Control.—This device should be placed in the line 
voltage circuit as shown in the diagram to prevent the heat 
being generated in the furnace or boiler producing too high a 
temperature or steam pressure. 

Radiant Flame Control.—This is a method of automate 
control which is sometimes used in place of a stack switch. 

Ques. What is the basic principle upon which its operation; 
depends i 

Ans. The operation of the radiant flame device used in place! 
of a stack switch, depends upon the color of the flame instead ! 
'of ^'fack temperature —later described. j 
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CHAPTER 27 


y 


Thermostats 


Practically everybody is familiar with the term thermostat, 
yet so called sensatherms, chronotherm, temtrol,acratherms and 
what not are nothing but thermostats as made by different 
manufacturers. There are too many -stats, -trols, -therms and 
other nondescript compounds. 

Terms where possible, should be self-defining. For instance, the basic 
term “operating control” is stupid—all controls are operating controls 
I and if they don’t operate, something is wrong in Denmark, and servicing 
is necessary. 


The alleged ''operating controT' is a hot water control (self 
: defining) and should be called just that. 

** Referring to the basic controls, when they call them; Sen- 
satherm, chronotherm, acratherm, temtrol, etc., they mean 
thermostat. 

Master control, stack switch, protectorelay, saftrol, combustion, 
safety control, pyrotherm, etc., they mean primary control, 

Pressuretrol, vaporstat, aquastat, etc., they mean limit control. Im- 
'■ mersion aquastat, hot water supply control, summer and winter con¬ 
trol, they refer to the alleged operating control. 


A 


Oues. What is the basic principle in the operation pf a 
termostat? 
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Ans. Different metals, when heated or cooled expand or con¬ 
tract at different rates. Hence, if two different metals be joinel 
together into a bi-metal strip, this strip or “arm” will bend 
as the temperature changes and this bending movement is 
utilized to open or close an electrical circuit. 


BI-METaL 



resistance 

Element- 


Red 

HOLDING 

CIRCUIT 



.-nn m ; 


White- 


p 


D 




Owes. How is this principle applied to the actual thermostat? 
Ans. The circuit diagram fig. 1, shows the bi-metal strip or 
arm and the other essential elements and connections. Electric 
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Figs. 2 &ndSm~~Xu}o stage Sensatherm. The parts are: A, bimetal coil; B, and C, mercury 
switches; B, and E, permanent magnets; F, instrument mounting screw; G, peep hole; 
H, adjustable cross bar piece; J, range lever; K, stabilizer;!,,— M, and S, are factory ad¬ 
justments and should not be touched; /V, stop pin; O, temperature dial; P and R lock 
screws, in operation this thermostat is actuated by a single bi-metal coil A, Two magnetic 
switches B and C are used. The bi-metal coil A, moves with change of termperature 
and actuates magnets D. and E. which in turn open or close the circuit of switches B, 
C, In operation (type H BH) assuming that the room is a|)ove temperature at which 
the instrument is set, both switches will have their circuits open. As the temperature 
starts dropping the bi-metal coil moves the magnets toward the glass tubes and first 
permits switch C to close, which controls the low fire medium if the low fire is sufficient 
to cause a rise in room temperature, switch C will again open its circuit. When switch C 
is closed and operating the heating equipment at low fire, should the temperature continue 
to drop, switch B, which controls the hi^h fire medium, will then close its circuit. As 
^ the temperature rises switch B, will open its circuit, but as switch C, still has its circuit 
[ closed the heating equipment will operate at low fire. Should the temperature drop 
from this point, switch B, will again close its circuit and the heating equipment will 
[■ operate at high fire. After switch B has opened its circuit, should the temperature con- 
^ tinue to rise, switch C, will open its circuit and stop the heating eouipment. On cooling 
type instruments, the operation is the same as above except that the respective circuits 
fe close rather than open on a rise of temperature. 
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wires lead to the instrument at the terminals R, B, W, ^red, 
blue, white). The terminal W, is fixed and blades attached to 
the movable arm are arranged to contact (progressively) with 
contacts B and W. 

Oues. How does the thermostat work as the room cools? 

Ans. In operation, as the room cools, the blades move toward 
the B(lue) and W(hite) contacts. The circuits are entirely open 
until the closing of the B, contact which energizes secondar}' 
of relay coil D. This causes contact E, to close. 


Oues. What happens when the temperature of the room 
rises? 

Ans. The bi-metal arm moves away from contacts B and W. 
The B, contact breaks first, but the circuit is maintained from 
W, through the transformer secondary relay coil and red termi¬ 
nal R. This energizes the relay coil and holds the circuit through 
contact E, closed until W, contact opens. 


Oues. What is the object of the resistor or heating element F? 

Ans. When contact W, is closed, current is carried to the 
small heating coil in the thermostat, that is, when the thermo¬ 
stat IS calling for heat. This speeds up the heating of the bi-metal 
arm and provides closer room temperature control. 


The coil F (sometimes called the heat accelerating coil) due toils 
heating eftects causes the thermostat to stop the burner a little before it 
normally would, shortening the burner operating period before too 
much heat can be generated. 


After the burner has been turned off. the heat accelerating coil F 
stops producing heat within the thermostat and this reduces the time 
before the burner will start again, thus preventing a noticeable drop m 
room temperature, ^ 
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Fig. 4 —Elementary diagram showing hook up of thermostat to primary control. The 
numbered terminals of the primary control are connected thus: No. 1 to hot or live side 
of the 110 volt house service; No. 2, to ground side of the house service and to the ground 
wires from the motor and ignition transformer; No. 3, to the motor; No. 4 to the ignition. 


TWIN THERMOSTAT 



I PRIMARY 
I CONTROL 

-7—•R 


5—Diagram of twin type thermostat showing all wiring connections between clock 
and primary control. 
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Day and Night Twin Type Thermostat.—This is an as9 
sembly of two thermostats mounted on a single base with on^B 
cover. The electric clock can be set to throw the temperature® 
controls from one thermostat for the day time onto the other i 
for night at a pre-determined time setting, on the clock ami i 
vice versa; This conveniently permits a low temperature at : 
night as should be, and normal temperature during the day. ’ 
Modern heating thermostats are built to incorporate a “heat 
leveling” or heat anticipation device. A heating coil consisting 
of a high resistance unit of very low current draw, is automat¬ 
ically connected in the thermostat circuit when the thermostat 
contacts close as it calls for heat. 

Ques. Describe the heat anticipation feature. ’ , 

Ans. After the burner (or stoker as the case may be) has been ! 
in operation a short time, the heating coil warms up slightly 
which in turn has a warming efi'ect upon the thermostat mech- ; 
anism, thus causing the contacts to open in “anticipation” of ; 
the heat that has been generated in the boiler or furnace, buli 
has not yet reached the room. 

Owes. How is the heating coil* mounted? 

Ans. It is carried in two spring clips. 

Ques. What is omitted on the night thermostat? 

Ans. It has no heating coil. 

Ones. What is the object of the slotted knob protruding 
through the clock cover at the bottom? 

Ans. It is a convenient switch for manually cuttinn out the 
clock control as desired. 


*NOTE.—The oil burner thermostat uses a heating coil with a red band on R. 
and the stoi\er thermo.stat e )il has a yellow band. 
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CHAPTER 28 


Conversion Jobs 


Some types of cast iron boilers designed to burn coal are not 
aited to burn oil. Aside from adapting the furnace for oil 
.burning, changes must be made in the passages formed by the 
ifeating surface. 

Extra large flue passages are not suited to the high temperature 
gases encountered with oil. 

In these boilers having the large flue passages, baffling must 
resorted to in order to slow down the high velocities of the 
[eitra hot gases, otherwise unburned particles of oil may lodge 
f® the heating surface, resulting in carbon. Since carbon is an 
[ficelleftt insulator, the efficiency of the heating surface is 
Wered whenever it collects. 

Preliminary to Conversion.—Before constructing a com- 
Ibostion chamber and installing a burner, the heating system 
’ ould be carefully checked for defects and cleanliness. A 
|l)oiler which is inadequate for the job (most of them are in- 
■ quate) or is in need of repairs will not give satisfactory re- 
! after the burner is installed. 

All flue passages should be cleaned so that the maximum amount of 

liest generated is absorbed by the boiler. 

Sffi)t or ash are good insulators and both are always undesirable. 
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All doors should fit tightly and all other openings or ci 
should be tightly cemented shut. The stack from the f.... 
to the chimney should have tight joints. Dampers should. 
close the stack more than 80% of the cross sectional am„. 
the stack. Inspect stack for leaks and obstructions of any kuiA 




I’lG. 1 Boiler troubles to be remedied before converting and installing an oil burner. 


Owes. What is the important requirement for combustios 
chambers and why? 

Ans. The flame must be in the presence of refractoij 
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fcfflaterial so that it will not come in contact with any of the 
P»latively cold heating surface of the boiler. 

I Owes. What happens when the flame is burned in suspen- 
r sion in a combustion chamber of refractory material? 

Ans. The refractory walls will reflect the heat back into 
the flame and thereby increase its temperature. 



2—Custom built combustion chambers. Instructions: 1. Place split brick A, on ash 
pit floor to form combustion chamber. 2. Mix refractory brick binder to consistency of 
heavy cream in shallow pan. 3. Dip bottom and sides of brick B, in binder and place 
marcular position on construction chamber floor, start at back and work front. 4. Tighten 
finished tier with bands furnished. 5. Fill behind first tier with asbestos or rock wool. 
6. Install top tier D, in same manner, tighten with one band. 7. Cap chamber with mixture 
of 3 parts asbestos and 1 part fire clay and trowel smooth. 8. Place metal sleeve F, in 
opening and cement tightly in place. 9. Insert draught tube tin metal sleeve and pack 
with asbestos rope or rock wool. 
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Owes. What is the effect of the increase in flame temp 
from reflected heat? 

Ans. It greatly increases the rapidity of combustion l 
thereby makes possible the burning of every particle of i 
within the zone of combustion. 


I 


I 



BR/CK UP ALMOSTFM 
WITH END OF BUPNE9 
NOSE PIECE. 


WHEN PLAS TERING AND 
FINISHING OF FRONT 
PUT NEWSPAPER OVER 
AIR TUBE TO KEEP ALL 
SPOTLESS. 


PLASTER UP WELL WITH 
ASBESTOS OR FURNACE 
CEMENT 

Fig. 3 — Procedure in setting up burner to combustion chamber. 

ROUND CAST IRON BOILER 


USE SPLIT BRICK IF NECESSARY 
TO MAINTAIN CORRECT SIZE 
COMBUSTION CHAMBER. 


SEAL UP ALL CRACKS OR 
SPACES WITH ASBEST 
OR FURNACE CEMEN 



BRING BRICK 2 
TO 4 ABOVE 
WATER LEG. 

SAND OR CEMEtnl 


IF NECESSARY USE SPLIT BRICK 1 
GE T BURNER A T PROPER DtSTAh^ 
FROM FLOOR, IE BOILER IS ON f 
FLOOR INSULATE WELL WITH ASBi 
TOS AND USE FULL SIZE. 


Fig. 4—Combustion chamber for round cast iron boiler. 


Fig 
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eOMBUSTlOX AREAS 




Fua. 5 to 8 — Combustion arett required for various shapes of combustion chambers. 
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Ques. What kind of brick should be used in building com- 
)ustion chambers? 

Ans. The best grade of fire brick, using a good high tem¬ 
perature cement. 

Ques. How thick should be the joints between the brick? 
Ans. Not more than 3^ inch. 

Ques. What shape bricks should be used for a round furnace? 
Ans. Arch, or circled brick of 43^ in. wall thickness. 

Ques. What should be the construction in using standard 
brick for a round combustion chamber? 

Ans. The spaces between the outer edges of the brick should 
be filled with high temperature cement and small pieces of fire 
brick to obtain firm construction and prevent infiltration of oil 
rapors through the wall. 

Ques. How should the opening for draught pipe be con¬ 
structed? 

Ans. It should be to 2 ins. larger than the pipe using 
as a lining a piece of sheet metal slightly cone shaped with the 
larger end at the outside. 

Ques. How should the draught pipe joint be-made? 

; Ans. Asbestos pipe covering should be wedged between the 
ipipe and the lining in the combustion chamber wall. 

K Owes. Why? 

K Ans. This affords an air tight seal and at the same time the 
Irealience of the packing prevents vibration of the burner being 
transmitted to the furnace. 












462 


Conversion Jobs 



'RETARDER SPIRAL(SWEfTMErAi) 
Figs. 11 to 20-Various methods of baffling for sectional cast iron boUers. 
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Ques. What height should be allowed between draught pipe 
and bottom of floor of combustion chamber? 

Ans. It depends upon the quantity of oil being burned and 
the size and shape of the combustion chamber. 

Oues. How should the draught pipe be installed? 

Ans. At an angle of 1}^° inclined toward combustion 
chamber. 


Oues. What should be the height of the combustion chamber 
walls? 

Ans. It should be high enough so that the flame will not 
come in contact with the relatively cool walls of the boiler. 
At the burner end, the refractory need not be higher than the 
grate line of the boiler. 

Oues. What is a corbel? 

Ans. A form of baffling or step out arrangement of the 
brick work of the rear wall, forming a target, wall which the 
flame strikes and is curled back to prevent short circuiting. 

Oues. Give a general rule for combustion area of combus¬ 
tion chamber. 

Ans. Allow 100 sq. ins. of floor space per gallon of oil. See 
diagrams on page 459. 


Baffling.—Round boilers and furnaces are sometimes so 
constructed that the flue passes are almost direct from the 
fire box. To cope with such ridiculous construction there are 
on the market canopies which can be hung in the boiler to 
baffle the flow of gases from the fire box to the flue passes 
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and which in some instances improve matters somewhat, bJ 
the losses due to such stupid designs cannot be reduced mud3 
Any baffling of the flue passes of a nature which prevera 
good operation of the burner should not be done. 1 

Boilers designed for burning coal are usually provided with relativehl 
large flue passages which are not normally suited to the higher 11* 
gas velocities encountered in oil firing. j 

Baffling will in most cases help to partly overcome the inefficient] 
operation resulting from the usual excessively high stack gas tem|w| 
atures. In such instances it is advisable to experiment with vario*; 
methods of baffling as shown on page 462. ^ 

Unsatisfactory for Conversion.—Some coal “boilers” and! 
furnaces are totally unfit for oil firing, notably the ridiculous! 
four section round type of boiler and its brother, in the formdl 
the ridiculous “up and out” furnace. According to Adam “wisej 
dealers steer a wide path around such boilers and furnaces." ! 

The owner of such junk should learn something about adequate! 
heating surface and resulting low stack temperature. 

The prime object of a boiler is to transmit heat from the] 
burning fuel to- the water; not to dump it outdoors via tie j 
stack and chimney. 
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CHAPTER 29 

Boilers for Various Fuels 


Numerous fuels are used in generating steam or heating 
water in heating plants. They may be listed as: 

1. Coke. 

2. Coal. 

3. Oil. 

4. Gas. 

5. Electricity. 

Requirements for Burning Coke. -In order to be com¬ 
pletely consumed, coke needs a greater volume of air per 
pound of fuel than coal, and therefore requires a stronger 
draught, which is increased by the fact that it can only burn 
mnomkally in a thick bed. 

Since less coke is burned per hour per square foot of grate than coal, 
a larger grate is required and deep fire pot to accommodate the thick 
bed of coke. ; 

Since coke contains very little hydrogen, the quick flaming com- 
; bustion which characterizes coal is not produced, but the fire is nearer 
^ even and regular. 

^Coal Burning Boilers. — Before the introduction of oil ? 
gimers, coal was generally used for fuel and is still largely 
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used especially for heating plants already built and in . 
where the owner cannot afford the expense of converting 
oil. Moreover, as stated in the last chapter, some types of i 
iron boilers designed to burn coal are not suited to burni 
which fact adds to the expense of a conversion job. 

Coal burning boilers are arranged usually for hand fin, 
but may be fitted for automatic stoker operation. Fig. 1 sh^ 


apart„.e„t„, „„all power or he,, 
air under pressure from the wind box to the^TS where 1rtho^eh“^“7 "““f 
IS produced and combustion takes place under 
tions. Iti opcrotion m fuel is 1 almost ideal con 

part of the fire at all times. An auxiliary air connection between the 
»X11hThe‘‘hopper'"'‘'”' any'’ to’??'’ 


an underfeed stoker designed for homes, apartments or othi 
small heating plants. 


Owes. What is an underfeed stoker? 

Ans. One in which the fuel is fed upward from underneafJ 
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p: Owes. How does it work? 

' Ans. The action of a screw or worm carries the fuel back 
through a retort from which it passes upward, as the fuel is 
consumed, the ash being finally deposited on dead plates on 


Fig. 2 Riveted fire box boiler equipped with Brownell stoker of the underfeed ram type 
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Fig. 2 shows a ram type underfi 
stoker connected to a double 
fire box, tubular boiler. 


yues. Describe the combuS' 
tion with under feed stoker. 

Ans. Only part of the fue 
being burned is actually burned 
in the fuel bed. Under the in¬ 
fluence of high temperatuit 
created in the fuel bed and lack 
of sufficient air, unbumed gases 
are released above the retort 
and tuyeres and unless these 
gases be mixed with air and 
burned inside of the combustion 
chamber, they will leave the 
boiler in the unbumed condi¬ 
tion, carrying a large percentage 
of the heat originally 
in the coal. 

Oues. What provision 
made to prevent this loss? 


burning cast iron boiler showing extended heatine sui 
consisting of a multiplicity of through parallel fins. ^ 



















Boilers for Various Fuels 


469 


Ans. Nearer the outside of the fuel bed, the fuel burns less 
jiolently and much more air is passed through the fuel bed 
jthan is necessary. It is this excess air that must be mixed 
yith the unbumed gases issuing from the central point of the 
uel bed if high combustion efficiency is to be obtained. 



Fig. 4—One section of Capitol U. S.—20 cast iron boiler having extended heating surface 
consisting of transverse through parallel fins. The illustration shoWs five of these fins. 


I Boilers for Burning Oil.—The ordinary coal burning cast 
iron boiler being unfit for burning oil withqut numerous changes 
on a conversion job, they are now made with various modifi¬ 
cations, to better adapt them to the severe combustion charac- 

I___ 
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teristics of oil burners, such as high temperature and 
velocity of the escaping gases. 


Oues. What modifications have been made to adapt 
iron boilers to burn oil? 

Ans. The heating surface has been increased by the ad 
dition of a multiplicity of thin fins cast integral with 


^ showing assembly of section of Capitol U. S.—20 cast iron 1 

Th^ fins ^e deigned to break up and scatter the hot gases into small streams rHr 
t^ir direction but controlling th^r flow. The object ^ing ?o^drw d?^^ sn 
the gases and give more heat absorbing surface. ^ k siow aown uie sp 
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sections. These fins serve also to split up the gases into many 
thin streams, providing zig zag paths which lengthens the 
passages and presents resistance (due to turbulance) which 


i^]&K 6--Cutaway view of Capitol U. S.—25 cast iron boiler showing parallel zig zag inter- 
‘ rupted fins and resulting travel of the hot gases as indicated by the arrowa. 
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serves to slow down the velocity of the gases in trave. 
the passageways—and at the same time presents excellent ■ 
gets for the lodgment of soot ashes and other insulati 
matter, requiring more frequent cleaning. 

worked out by the different buildm 
some of w^ch are shown in the accompanying illustrations. 

3 shows modified pan cakes top and bottom of a round type 


INTERRUPTED 

FINS 


^ Fig. 4 shows one section and fig. 5 assembly of sections having through 
transverse fins. Another design having what may be called multi-nr 
interrupted transverse fins is shown in figs. 6 and 7. 

Gas J»rning Boilers.-When you consider gas heating, 
careful thought should be given to the boiler. There should 
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be provided in the design a proper distribution of extended 
fins in staggered rows serving as turbulators to force the 
hot gases against the heating surface. “Pins” are used in some 
designs instead of fins. Figs. 8 and 10 show both types. 


9- Intermediate section and assembled view of Capitol gas burnine boiler 
p;^wmg vertical through parallel fins. Fig. 9 shows boiler complete w^h control devices. 

Automatic Control.— The operation of gas burning boilers 
automatic. After the system has been put in operation for 
season, the supply of heat is thermostatically controlled. 

I The throttling control, standard with steam boilers and 
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available with water boilers, operating on the main gas 
secures burner operation in varying degrees as needed, ah 
guarding against excessive temperatures or pressures, 
though the thermostatic controls should become inoperati 
through temperature current failure. 


Fig 10—^tion view of Columbia gaa burning boiler and enlarged detaU of the naa 
provide the extended heat absorbing surface They • 
arranged^ zig zag to give turbulence and slow down the escaping hot gases. 
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Electric Heating. — For domestic and some industrial pur¬ 
ses, heat is produced by electricity by forcing it through 
istance wires, raising the temperature of the latter, and 


iway view of American (Standard type 4-G) gas burning boiler. The parts 
nopy; 2, compound pressure and vacuum gauge; 3, steam connection; 4, 
low water cut-out; 5, ^as valve; 6, gae pressure governor; 7, gas valve; 8, 
phragm; 9, thermostatic pilot; 10, quiet burner; 11, venturi burner tube; 
t cock; 13, thick asbestos air-cell insulation; 14, jacket; 15, cleanout opening; 

pintype cast iron section; 17, metal-to-metal joint; 18, pop safety valve; 
hood. 
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applying the heat thus generated to the articles to be heated. 
Resistance wires are made of special materials and are capable 
of withstanding high temperatures without deteriorating. Metals 


CONTROLS FOR 
CAS FIRED SYSTEM 



controls of American Standard gas burning boiier. Pressure of m 
2?" by (Jas pr^ure governor 14. Thermostatic pilot 18 murt bTlShS 

™l«T2*e‘tec^v ThermL'?vT“-,^°?r l-openaor cWs theiS 

«nn»W disphr.™ 10 of thermotor to' 9!TrtK'to^*Sh?lS,‘!llS 

pilot 17, passes though small valve 7, on low water cut-oflF 5. In event of low water 

DUoTl°fi*rPmJnl^hVh^^^^ thereby closing thermotor valve 12. Igni£‘ 

pilot 16 remains hghted throughout heating season and serves to re-ignite runn^ nflot 
17, and thermostatic pilot 18, when proper water level is resumed. ^ 
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[and alloys having high specific resistance or low temperature 
^coefficient of resistance are largely used for resistors. 

Heating Units. The term heating unit is given to that por¬ 
tion of a cooker or heater which gives out the heat for warming 











oven or hot plate or for raising the temperature of a room. It 
insists of some material which is more or less a bad conductor 
electricity, and when current is taken through it, by making 
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it form a portion of an electrical circuit, it becomes hot owingt 
the resistance it sets up to the current. In order to meetti 
varied conditions of service there are numerous forms of resist 
or heating unit, and these may be classified as: 


Fig. 14 Cutaway sectional view of standard size Electromode industrial electric 

1. Exposed coils of wire or ribbon open to air and m 
around insulating material. 

2. Wire or ribbon in the form of coils or fiat layers, eml 

in enamel, asbestos, mica, or other insulators. P 

3. Filling of metal fixed on enamel, mica, or glass. » 

4. Metallic powder mixed with clay and compress^ 
forms, and crystallized silica in tubes of glass. 
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f 0 , Incandescent filaments in vacuum. 

Electric radiators for room heating consist usually of a resistance wire 
wound on asbestos tubes covered with a coating of fire proof cementing 
compound. When air is thus excluded, German silver may be used as 
a resistor. 



i an example of electric heating the Electromode Unit 
iter is of the forced circulation type. A motor driven fan, 
i behind the heating element in the same housing, forces 










480 


Boilers for Various Fuels 


the wanned air out into the room. Adjustable deflector^ 
front of heater cabinet serve to direct the heated air as desi 

This method of diverting warm air toward the floor from suspei 
type heaters is recognized as the most practical way of keeping 
heat distributed and eliminating dead areas. 
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CHAPTER 30 


Ques. What is the first calculation in determining the size 
< a heating plant? 

Ans. An estimate of the loss of heat from the building. 

Ques. How is this figured? 

.Ans. On a basis of B.t.u. lost per hour. 

Ones. In what two ways is heat lost? 

Ans. 1. By radiation, and 2, by convection. 

Ones. How is heat lost by radiation. 

Ans. It is transferred through walls, windows, etc. 

I Ones. How is heat lost by convection? 

^ Ans. It is carried off by the movement of the air as it passes 
it through openings in the building. 

ti*9v How about the values given by the various authorities 
liiicat loss for various materials? 
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Ans. Although they are found by experiment and . 
closely, the results sometimes vary quite widely due to 
quality of the workmanship. 


You can well imagine the heat losses through the cardboard pr. 
ricated alleged houses put up to-day for the returning soldiers 
at ^ times their value. 


Figuring Radiation 



There are four basic units in figuring radiation. In figuiij 
without tables average values are taken for the units m 
they are: 


1 . 

2 . 

3. 

4. 


Wall factor. ^ 

Contents factor. 

Glass factor. 

Radiation factor. 


These factors are for 1° Fahr. temperature difference and must be nrnfei 
plied by the difference in temperature in degrees Fahr. outside and inside^ 
building. 


What are these basic units or factors ? 

Ans. They represent the amount of heat (in B.t.u.) that 
pass through one sq. ft. of the material in one hour. 




Idiat 


Thus .32 B.t.u. will pass through a sq. ft. of ordinary brick wi 
through a wall where the average frame construction is used. 


What is the unit .02? 

Ans. The .02 is the fraction of 3,. B.t.u. that is used in an 
by a cu. ft. of the volume of a room. 


What is the unit 1 ? 

Ans. The 1 is the B.t.u. that will in an hour pass throi 
sq. ft. of glass. 
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lab- 
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What is the unit 240 ? 

Ans. The 240 is the amount of heat in B.t.u. given off by 
ordinary cast iron radiators per sq. ft. of heating surface per 
hour under average conditions. 


Upon what is the unit based ? 

Ans. Upon the facts that repeated tests have shown that 
4e amount of heat given off by ordinary cast iron radiators 
jjjjj per degree difference in temperature between the steam (or 
ai>( hhe radiator and the air surrounding same to be 

about 1.6 B.t.u. per sq. ft. of heating surface. 


Taking this as a basis, a steam radiator under 2}^ lbs. pressure cor- 
't fssponds approximately to 220° which is surrounded by air at 70° 
(E will give off under these conditions. * 

1 



(220-70°) X 1.6 = 240° B.t.u. 

240 


' 5 er ft. of heating surface per hour. 

Why are the particular values here given adopted for 
jall.a calculating radiation? 

Ans. Of course the wall unit .32 varies for different kinds of 
.taHs and the radiation factor 240 varies with different con- 
4tions. 

TMs is a simple and quick way of calculating radiation and is ap¬ 
proximately accurate. 

it allowances and additions should be made? 

Ai& The usual allowances should be made for unusual ex- 


















484 


Heating Calculations 


posures, rooms with fire places, etc. They are common, 
allowances, however, and are not difficult to keep in mind 


To find the radiation required by a room, the first step is to figm 
room in the regular way, that is, find its volume, the amount of exi 
wall and the amount of glass. The following example is given: ' 


FIGURING RADIATION 
by the 

SIMPLIFIED METHOD 



Example:—Figure the radiation required for the following room: 
Size of room 14 ft. X 14 ft. X 9 ft. 

Square feet of glass (windows) 60 sq. ft. 

Required inside temperature 70® Fahr. 

Walls exposed on two sides 

Volume of room = 14 X 14 X 9 = 1764 cu. ft. 

Two sides of room exposed = (14 + 14) X 9 = 262 sq. ft. 

Deducting glass exposures 
262 — 60 = 192 sq. ft. 


Temperature difference = 

inside temperature — outside temperature 
— (—10) = 80® Fahr. 


70 


This means there will be a temperature difference of 80® betweii 
the inside and outside of the room in coldest weather. 


Calculation of B.t.u. 


1. Volume of room. 

This as calculated is 1764 cu. ft. 

Accordingly to raise the temperature of the volume of the room 
= 1764 X .02 X 80.21 
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2. Exposed walls. 

Net exposed as calculated is 192 sq. ft. 
Accordingly 

192 X .32 X 80 = 4915.2 

3. B.t.u. required for glass. 

Square feet of glass = 60 
Accordingly 

60 X 1 X 80=4800 

4. Total heat required. 

Adding the three results just obtained the 
hour is 

1. Volume. 

2. Exposed walls. 

3. Glass. 

Total radiation. 


total heat required ev( 


. .2822.4 B.tM. 
.4915.2 “ 

. . 4800 “ 

.12537.6 “ 


Selecting the Proper Radiation.—Remembering 
sq. ft. of radiator surface gives off 240 B.t.u, per hour, 
for an ordinary cast iron radiator on a steam job: 


that I 
that is* 

I 


iii 

Rl 
SAM 


RULE.—Divide total radiation by 240 
12537.6-^240 = 52.2 sq. ft. 


Consulting the table on page 485 select the nearest 
radiator. 
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Radiant Heating Calculations. 

Panel Heat Loss.—The term heat loss is somewhat of a 
TOsnomer and applies to that portion of the heat given off by 
the radiant panel in a direction opposite to the area which it is 
primarily designed to serve. 



This diverted flow of heat is indicated in fig. 1 as that portion ^ 
I heat released from panel A, in the direction of floor B. If 
»room above B, be one requiring comfort treatment, as is 
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B case of area A, then it is obvious that this heat diversion is 
t a loss, but ideally usable. 

Some recognition of its availability may be made in the design of the 
leeiling panel for the room above B, which may have its own individual 
I control. The extent of such recognition will depend upon the nature 
find constancy of occupancy in area A. In any event, and regardless of 
I the possible initial cost reduction, conditions approaching ideal radiant 
Iwmfort design will generally result and the highest degree of operating 
■OTciency may be anticipated. 

Should the room above B, represent an unheated area, then the diverted ’ 
In flow does represent a loss and should be restricted as much as 
“possible with an efficient insulating barrier between A and B. i 

■ n u ^ 1 it will be evident that a certain amount of heat 

^1 be delivered to floor B from the tube located in panel A. In ordinary 
hooden residential construction without insulation in the joist space, 
bout 20 to 26% of the heat delivered in the room which has a heated 
mg, will be delivered to the room above and in some cases, the oc- 
^Eiits of bedrooms located over a ceiling heated living room will 
teive sufficient heat in the bedroom through the warm floor to satisfy 
s demands for the relatively cool sleeping quarters. To be safe, the 
Wler should put tube in the ceiling of bedrooms over a heated living 
tom even if there be no insulation in the joist space of the bedroom 
to render the second floor wholly independent of the 
t floor, insulation may have to be provided in the joist space. 

I general, it can be safely assumed that comfort conditions 
[k had for wooden, two-story residential constructions in( 
lions where the temperature does not go below zero degree 
pd where insulation is provided in the attic together with 
i windows and reasonably tight construction and if % in. 
if tube be placed in the ceiling of the rooms on the first 
-1®. spaced not less than 4)^ ins. center to center. The tube is 
'"By on 6 in. centers and looped so as to cover all reasonably 
‘-ble ^ace, and operated with mean water temperatures 
'' using a temperature drop of 30°. 

> amount of circulating water required in the tubes and 
pion head to be overcome by the circulating pump can 
puted from this information if theB.f.w. requirements of 
! be known. 
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Example. — If it be determined that the heat load for a gi 
be 4,500 B.t.u. per hour, then with a circulating medium havii, 
perature drop of 30°, it is evident that the total panel requir 
divided by 30 will give the pounds of water (in this case 1501 
have to be circulated per hour to equal this required delivi 
which it is easy to ascertain the gallons per minute that will havi 
handled by the circulating pump. 



From the table on page 488, data will be found relating tl 
pressure drop that will result from various flows through different 
of copper tube so that it can be ascertained whether or not a give 
culating pump will provide the necessary head. 


Assuming an average six room house with ^ in. noni 
ceiling coils, it may be expected that 1500 ft. of copper tube! 
be required for the heating coils. 


That is, approximately 300 lbs. of copper. In addition about 125 
of material may be required for the distribution system. This k 
does not include fittings and valves. The pump will possibly han^ 
gallons per minute against a pressure head of from 5J^ ft. to 8 ft. u 
a 1-in. circulator. 
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How to 

Figure Radiation 




The author is indebted to the Institute of 
Boiler and Radiator Manufacturers for per¬ 
mission to reproduce this Code on How to 
Figure Radiation. 

Note.—This Code is revised from time to 
time and the latest revision can be obtained 
from the Institute. 


K THE INSTITUTE OF BOILER &,RADIATOR MFRS. 

■L (0 EAST 42nd STREET NEW YORK CITY 

L_ 
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In the code following on “How to Figure Radiation,” 
the method of calculation is taken up in greater detail, and 
represents a standard as adopted by the Institute of Boiler 
& Radiator Mfgs., here reproduced by special permission. 
It should be noted that page 2 of the Code, which is a blank 
has been omitted to save space. It should be further noted 
that the pages of the Code are numbered at the bottom 1 to 
20. These numbers correspond with our page numbers 491 to 
510 inclusive. 
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How to Figure Radiattoa 

Because of the wide variation in heat loss through different kinds of 
btfiWing material and the different types of construction in common use, 
we believe the British Thermal Unit (B.t.u.) method for Calculating heat 
loss to be the correct method and therefore will be the basis for determining 
the amount of radiation rc<]uired. 

The information contained herein is intended primarily for use in 
connection with residential type of construction. 

The BTU Method of Figuring Radiation 

Table 1. shows coefficients of heat transmission per degree temperature 
Jiflfercnce between inside and outside for building materials and types of 
construction most commonly used in small residences, and the factor for 
air changes per cubic foot per degree temperature difference. For complete 
table of coefficients refer to A.S.H. & V. E. Guide. 

To compute the amount of radiation for a given space all heat losing 
factors such as walls, ceiling, floor, windows, doors and air change must 
be considered. 

Example for use of the B.T.U. method— 

Suppose we have a room 12' x 20' with 9' ceiling with one end 
wall and one side wall exposed (lath and plaster, studding, sheathing, 
and siding) four windows single glass each 3' x 5', non weather- 
stripped, wood lath and plaster ceiling, single floor above exposed to 
unheated attic* air change based on crack loss method, no floor loss 
considered. Room to be heated to 70" inside when it is zero outside. 
How much radiation would be required? 

First: Establish temperature difference between inside and outside 
for which you are making calculations, which in this case is 70® except 
for the ceiling which is 35® (sec note next multiply the coefficient 
corresponding to the type of construction used, as shown in 7'ablc l.„ 
to determine the rate of transmission per sq. ft. per hour. 

Rate of transmission for wall. The cocfiicient for the wall, as 
described above, is .25, which multiplied by 70® temperature difference 
equals 17.5 B.t.u. loss per sq. ft. per hour. 
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Rate of transmission for single glass is 1 . 13 , which multiplied 
70*. the temperature difference, equals 79 B.t.u. loss per sq. ft. per hour.] 

Rate of transmission for ceiling. The coefficient for ceiling, lath' 
and plastered single floor above, , is .28 which multiplied by 35 , the' 
temperature difference, equals 9 8 B.t.u. loss per sq. ft. per hour. 

The factor for air change js .0181, which multiplied by 70. the 
temperature difference, equals 1.267 B.t.u. required to heat each cubic 
foot of air from 0 ® to 70®. 

The next step is to apply these rates of transmission to the 
amount of exposed wall, glass surface, ceiling and cubic contents 
as follows; 

32 X 9 equals 288 sq. ft. of exposed wall, less sq. ft. of 


glass, equals 228, which multiplied by 17.5 (the rate of 

transmission per sq. ft.) equals ..... 3990 B.t.u. 

4 w'indows 3x5 equals 60 sq. ft. of gl.iss, which multi¬ 
plied by 79 (the rate of transmission per sq. ft.) equals. 4710 B.t.u. 

240 sq. ft. of ceiling, which multiplied by 9.8 (the rate 
of transmission per sq. ft.) equals...... 2352 B.t.u. 


The infiItr.ition loss with a wind velocity of 15 m.p.h. 
•equals 40 cu. ft. per linear ft. of crack for window's 
(with three w'indow's on one side of this room.) Wc 
•compute the infiltration loss for three w'indows only. 
Therefore, by multiplying 3 x 19 x 40 equals 2280 cu. 
ft. multiplied by 1.267, the B.t.u. required to heat one 


<u. ft. of air from 0® to 70® F. equals ...... 2888 B.fcu. 

Total heat loss per hour_______ 13970 B.t.u. 


Next divide this total heat loss by 240, the number of 
B.t.u. given off by one sq. ft. of Standard Steam Radiation. 

13970 divided by 240 equals 58.2 sq. ft. of Steam Radia¬ 
tion; or 150, the nurhber of B.t.u. given oflF by one sq. ft. 
of Standard Warm Water Radiation equals 93 sq. ft. of 
Warm Water Radiation; the amount required to heat this 
room. 

Realizing that the B.t.u. method involves complicated calculations, 
wc submit a simplified divisor method to be used for checking plans 
and specifications. 
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The Divisor Method 

Table 1 gives divisors for determining the amount of standard steam 
and warm water radiation for different types of construction for 70® F. 
inside, 0® F. outside, and tables of correction factors, (Tables 2, 3, 4, 5, 
and ]^) for other inside and outside temperatures. These divisors and 
correction factors w'ill give substantially the same result as the B.t.u. 
method of heat transmission calculations except for air change which will 
show slightly more radiation than for the crack loss method. 

Table 1 

Coefficients are expressed in B.t.u. per sq. ft. of heat losing surface per 
degree F. difference between air at the two sides and are based on wind 
velocities of 15 m.p.h. If higher wind velocities are to be considered, see 
A.S.H. & V.E. Guide for additional amount of radiation required. 

Divisors are for Standard Steam and Warm Water Radiation under 
Standard Conditions of zero outside, 70 degrees F. inside, except ceilings. 
(See note.) 

It is considered good engineering practice to add 10% to amount of 
radiation arrived at by either method, in . rooms on windward side of 


Walls 


Frame and Miscellaneous 

Uninsulated 

Lath and Plaster, Studding, Sheathing 

and Siding or Shingles .... 

Lath and Plaster, Studding, Sheathing 

with 4" Brick Veneer .... 

Lath and Plaster, Studding and Siding 

or Shingles ... 

Studding with Lath and Plaster Two Sides 
Studding with Lath and Plaster One Side... 

Studding, Sheathing and Siding .... 

Studding and Sheathing or Siding .. 


Construaion 

Warm 

B.t.u. Loss Steam Water 
Coefficients Divisors Divisors 


.25 

14* 

8.5* 

.25 

14 * 

8 . 5 * 

.30 

n 

7 

.36 

9 

6 

.65 

5.3 

3.3 

.33 

10 

6 

.70 

5 

3 


•Asterisk indicates coefficients and divisors most commonly used 
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Insulated 

Lath and Piaster, Studding, Sheathing and 
Siding Of Shingles with 3%'' Rock 

Wool Fill ___ 

Lath and Plaster, Studding, Sheathing and 
4" Brick Veneer with 3%" Rock 

Wool Fill _____ 

Plaster on l/J" Rigid Insulation, Studding, 

Sheathing and Siding or Shingles_ 

Plaster on Rigid Insulation, Studding, 

Sheathing and 4" Brick Veneer _ 

Brick, Tile, Stone, Cement, Etc. 

Brick 


Furred and Plastered 

8" .- : 

.50 

It 

M •» ,, 

12" . 

.24 

14 

Plaster on Rigid 

8" __ 

.22 

15 

Insulation. Furred 

12" _ 

.19 

18 

Hollow Tile — Stucco Exterior 



Furred and Plastered 

8" . . . . 

.26 

13 

•• •• •< 

10" . . . 

.26 

13 

Plaster on Rigid 

8" . . 

.20 

17 

Insulation, Furred, 

10" _ _ _ 

.19 

18 

Limestone or Sandstone 



Furred and Plastered 

8" _ __ .. 

.37 

9 


12" ___ 

.33 

10 

Plaster on Rigid 

8" _ 

.25 

14 

Insulation, Furred 

•12" _ __ 

.23 

15 

Hollow Gnder Block, 

Plain Exterior 



Furred and Plastered 

8"-.. .-... 

.27 

12 

«• •* •« 

12" ... 

.21 

14 

Plaster, on Rigid 

8" . : _ 

.20 

17 

Insulation, Furred 

12" .... 

.19 

18 


•Asterisk indicates coefficients and divisors most commonly used. 


B.tu. Loss Steam 

Coefficienta Divisors 

.072 41 

.074 41 

.19 LB 

.20 17 


Vara 

Water 

Divison 


10 


30 

tl 

10 


7 

8.1 

9 

U 


8 

8 

10 

11 


6 

6 

8.1 

9 


7 

8.1 

10 

11 
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Warm 


Hollow Concrete Block, Plain Exterior 

B.t.u. Less 
Coefficients 

Steam 

Divisors 

Water 

DiViSors 

Furred and Plastered 8" .... . 

.32 

10 

6 

. 12" .... 

.30 

11 

7 

Plaster on Rigid 8" ..... 

.23 

15 

9 

In:ulation, Furred 12" ... 

.22 

15 

9 

Floors and Ceilings - 

- Exposed 


NOTE: It is assumed that the temperature of unheated attics will be 35^ F. 

when the rooms below are heated. 

If ceilings 

are insulated this 

temperature will be lowered, depending upon the heat transmission 

through the ceiling. These divisors for ceilings are 

based on 

33® F. temperature difference. 

B.t.u. Loss 

Steam 

Warm 

Water 


Coefficients 

Divisors 

Divisors 

Wood Lath and Plaster .. 

.62 

!!♦ 

7 * 

Wood Lath and Plaster, %" Flooring. 

.28 

24* 

14* 

Metal Lath and Plaster .... 

.69 

10* 

6 * 

Metal Lath and Plaster, %" Flooring- 

.30 

24* 

14* 

Plaster on I/ 2 " Rigid Insulation .... 

Plaster on Rigid Insulation, 

.35 

20 

12 

Flooring ..........._.. 

.21 

34 

20 

Metal Lath Plaster Rigid Insulation 

between joists ........ 

Metal Lath Plaster 1^" Rigid Insulation 

.26 

24 

14 

between joists, %" Flooring ...«... 

Metal Lath and Plaster 3%" Rock Wool 

.17 

40 

24 

Fill ..... 

.079 

80 

SO 

Metal Lath and Plaster 3%" Rock Wool 




Fill, Flooring..... 

.068 

100 

60 

* Asterisk indicates coefficients and divisors roost commonly used. 
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Roofs 

Covered with Build Up Roofing Paper, Tar and Gravel 


Warm 

B.tu. Loss Steam Water 
Coefficients Divisors Divisors 


Wood Shingles on Wood Strips, no ceiling 

.46 

7 

4 

Wood Shingles as above with Lath and 




Plaster ___ 

.30 

11 

7 

Wood Shingles on wood strips with 




Rigid Insulation Plastered _ 

.21 

17 

10 

Wood Shingles on wood strips, Lath and 




Plaster with 3%" Rock Wool FilL.. 

.059 

‘50 

35 

Asphalt or Asbestos Shingles, Composition 




Roofing, Slate or Tile Roofing on 




Sheathing .. „ 

.56 

6 

3.7 

Roof as above with Lath and Plaster_ 

.34 

10 

6 

Roof as above With Rigid Insulation 




Plastered .. 

.23 

15 

9 

Roof as above Lath and Plaster with 3%" 




Rock Wool Fill__ 

.063 

50 

30 

Doors, Glass and Air Changes 





Warm 


B.tu. Loss 

Steam 

Water 


Coefficients 

Divisors 

Divisors 

Solid Doors thick . 

.69 

5* 

3* 

Solid Doors 1-1/16" thick __ 

.59 

6* 

3.7* 

Solid Doors 1-5/16" thick ... 

.52 

6.5* 

4* 

Doors with Thin Panels . . 

1. 

3.4* 

2* 

Single Glass Window or Skylight 

1.13 

3* 

2* 

Double Glass Window or Skylight 

<45 

7.5 

4.7 

1 Air Change per cu. ft. per deg._ 

.0181 

190* 

120* 

iy 2 Air Change per cu. ft. per deg.. 

.0271 

125* 

80* 

2 Air Change per cu. ft. per deg. ....._ 

.0362 

95 

60 


• Asterisk indicates coefficients and divisors roosiacommonly used. 

NOTE: For one air change use 200 as divisor instead of 190 for simplicity. 
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Air Changes 

, subject to construction conditions in each case. 


Description 

Rooms with window one side .. 

Rooms with window two sides _ 

Rooms with window three sides _ 

Rooms with window four sides 
Bathrooms 


Private Garages 


Air Change 
Per Hour 

1 

2 

2 

2 

2 to 4 


.. ; t:r “ 

Example for Use of Divisor Method 

To figure this same room which is 12 x 2 n q/ i- 

windows, and two sides evn^c.j ■! u ® ^ ^ 

Net sq. ft. exposed wall (less glass) 228- divided by 
Net sq. ft. Glass 


Net sq. ft. Ceiling 
Cu. ft. of Air _ 


14 = 16.2 
3 = 20 
24 = 10 


60 divided by 
240 divided by 
2160 divided by 125 = 17.2 


Sq. ft. Steam Radiation 63.4 


— 9 — 
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If this same room is to be heate<l by steam from—10® outside to 70® 
inside, by referring to Table 2 of correction factors, we find opposite —10 
and under 70® the multiplier 1.14 showing that for this temperature differ* 
ence there will be required 14% more radiation than for 0 — 70®. 

If this same room is to be heated from 0® outside to 80® inside with .j 
180® average water in the radiator, by referring to table 4 of correction 'i 
factors we find opposite 0® and under 80° the multiplier 1.14 showing that ] 
for this temperature and with 180® average water temperature in the ' 
radiator, there will be required 14% more radiation than would be required 
for standard conditions. 

The divisor method is well adapted for use as a quick check formula 
for checking the amount of radiation shown on plans or installed in a 
house and when used for this purpose does not involve complicated cal* : 
culatioos. 

The application for this quick check would be to divide the total net 
wall, net glass, ceiling, floor and cubic contents and any other heat losing 
surface in the entire building by the divisor shown in Table 1. 

How to Figure Radiation for Temperature 
Other Than 0-70 Deg. F. 

The following tables of correction factors are for computing the i 
amount of radiation for temperatures other than zero outside, 70 degrees | 
inside, for low pressure steam and for water temperatures in the radiators J 
from 170® to 200® F, 1 


«»104» 
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Table 2 

Steam 

Correction Factors for Temperatures Other than 0^ F. — 70® F* 
(240 B.t.u./s<j. ft.) 

Steam Temperature 21 


f ^ 


’ Indoor Temperature — 

^0* 55* 60® 65'® 70® 


75® 


80* 


.07 

.14 


.14 

.21 


.23 

.30 


31 

.39 


0 .07 


50 

0 

.06 

.13 

45 

.06 

.13 

.20 

40 

.12 

.19 

.26 

35 

.18 

.25 

.33 

30 

.24 

.31 

.39 

1 

.30 

.38 

.46 

§. 20 
g 

.36 

.44 

.52 


.42 

.50 

.59 

S 10 
o 

.48 

^7 

.65 

? ^ 

.54 

.63 

.72 

0 0 

.61 

.69 

.78 

— 5 

.67 

.76 

.85 

—10 

.73 

.82 

.92 

-15 

.79 

.88 

.98 

—20 

,85 

.94 

1.05 

—25 

.91 

1.01 

1.11 

-30 

.97 

1.07 

1.18 


.20 

.29 

.37 

.47 

.27 

.36 

.45 

.55 

.34 

.43 

.52 

.63 

.41 


.60 

.71 

.48 

.57 

.67 

.79 

.55 

.64 

.75 

.86 

.61 

.71 

.82 

.94 

.68 

.79 

.90 

t.02 

.75 

.86 

.97 

I.IO 

.82 

.93 

1.05 

1.18 

.89 

.00 

1.12 

1.26 

.96 

1.07 

1.20 

1.34 

1.02 

1.14 

1.27 

J.42 

1.09 

1.21 

1.35 

1.49 

1.16 

1.29 

1.42 

1.57 

1.23 

1.36 

1.50 

1.65 

1.30 

1.43 

1.57 

1.73 
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Table 3 

Hot Water 

Coftection Factors for Temperatures Other than 0* F._70® F. 

170® Average Water Temperature 


Indoor Temperature — 
3®' 65® 70® 


jfir S -— Outdoor Temperature 
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Table 4 

Hot Water 

Coffwijoa Factors for Temperatures Other than F. — 70* F. 
180^ Average Water Temperature 


60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 
- 5 
-10 
-15 
-20 
-25 
-30 


r*- 

50* 


0 

.05 

.10 

.15 

.20 

.25 

.30 

.36 

.41 

.46 

.51 

.56 

.61 

.66 

.71 

.76 

.81 


55 ** 


• Indoor Temperature - 


60 ® 


0 

.05 

.11 

.16 

.21 

.27 

.32 

.37 

.43 

.48 

.53 

.59 

.64 

.69 

.75 

.80 

.85 

.91 


0 

.06 

.11 

.17 

.23 

.28 

.34 

.40 

.45 

.51 

.57 

.62 

.68 

.74 

.79 

.85 

.91 

.96 

1.02 


65® 

70® 

75® 

80® 

.06 

.13 

.26 

.29 

.12 

.19 

.27 

.36 

.18 

.25 

.34 

.43 

.24 

.32 

.40 

*.50 

.30 

.38 

.47 

.57 

.36 

.45 

.54 

.64 

.42 

.51 

.60 

.71 

.48 

.57 

.67 

.79 

.54 

.63 

.74 

.86 

.60 

.69 

.80 

.93 

.66 

.76 

.87 

1.00 

.72 

.82 

.94 

1.07 

.78 

.88 

l.Ol 

1.14 

.84 

.95' 

1.07 

1.22 

.90 

1.01 

1.14 

1.29 

.96 

1.08 

1.21 

1.36 

1.02 

1.14 

1.27 

1.43 

1.08 

1.20 

1.34 

1.50 

1.14 

1.26 

1.41 

1.57 


0- 70» F.^nd 170» 

^ X .88 = }}.2 sq. ft. should be installed, 
other than 0 - 70* F. conditions are specified use table 4 in same 
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Table 5 
Hot Water 

Correction Factors for Temperatures Other than 0^ F. — 70® F. 
190® Average Water Temperature 

-Indoor Temperature . —y 

50® 55® 60® 65® 70® 75® 80* 


' 60 

55 0 

50 0 .05 

45 .05 .10 

40 .09 .15 

35 .14 .19 

30 .18 .24 

25 .23 .29 

20 .28 .31 

15 .32 .39 

10 .37 .44 

5 .42 .48 

0 .46 .53 

— 5 .51 .58 

—10 .55 .63 

—15 60 .68 

—20 .65 .72 

—35 .69 .77 

—30 .74 .82 


0 

.05 

.10 

.15 

.20 

.25 

.30 

.36 

.41 

.46 

.51 

.56 

.61 

.66 

.71 

.76 

.81 

.86 

.91 


.05 

.11 

.11 

.17 

.16 

.23 

.21 

.28 

.27 

.34 

.32 

.40 

.37 

.45 

.43 

.51 

.48 

.57 

.53 

.62 

.59 

.68 

.64 

.74 

.69 

.79 

.75 

.85 

.80 

-91 

.85 

•96. 

.91 

1.02 

.96 

1.08 

1.02 

1.13 


.18 

.1) 

.24 

.32 

.30 

.34 

.36 

.44 

.42 

.50 

.48 

.51 

.54 

.63 

.60 

.69 

.66 

.76 

.72 

.S2 

.78 

.81 

.84 

.95 

.89 

1.01 

.95 

1.07 

l.Ol 

1.14 

1.07 

1.20 

1.13 

1.26 

1.19 

1.33 

K25 

1.39 


If 40 s<j. ft. of radiation are required at standard conditions of 
0 — 70® F. and 170® F. A\erage Water Temperature and specificatioM q 

require 0 — "0® F. and 190® F. Average Water Temperature multiply 
40 X .79 found in above table. 4 

40 X .79 = 31.6 sq ft. should be installed. 

If other than 0 — 70® F conditions are speciBed use above table ifl 
same manner . r 
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Table 6 
Hot Water 

Correction Factors for Temperatures Other than 0* F. 

200® Average Water Temperature 


70® F. 


IS oil 
^ionsl 
iltiplfl 


jbki 



50® 

55® 

— inaoor lemperatore 

60® 65® 70® 

75® 

— "N 

80® 

' 60 



0 

.05 

.10 

.16 

.25 

55 


0 

05. 

.10 

.15 

.21 

.28 

50 

0 

.05 

.09 

.14 

.20 

.27 

.54 

45 

.04 

.09 

.14 

.19 

.25 

.52 

.59 

40 

.08 

.15 

.13 

.24 

.51 

.57 

.45 

35 

.15 

.18 

.25 

.29 

.56 

.45 

.51 

3 50 

.17 

.22 

.28 

.54 

.41 

.48 

.56 

1 25 

.21 

.26 

.52 

.58 

.46 

.54 

.62 

f 20 

.25 

.51 

.57 

.45 

.A 

.59 

.68 


.50 

.55 

.42 

.48 

.56 

.64 

.75 

, 10 

0- 

.54 

.40 

.46 

.55 

.61 

.69 

.79 

1 » 

.58 

.44 

.51 

.58 

.66 

.75 

.84 

? 0 

r\ 

.42 

.48 

.55 

.65 

.71 

.80 

.90 

5 

.46 

.55 

.60 

.68 

.76 

.86 

.96 

-10 

.51 

.57 

.65 

.72 

.81 

.91 

1.01 

-15 

.55 

.62 

.69 

.77 

.87 

.96 

1.07 

-20 

59 

.66 

.74 

.82 

.92 

1.02 

1.15 

-25 

65 

.71 

.79 

.87 

.97 

1.07 

1.18 

-50 

.67 

.75 

.85 

.92 

1.02 

1.12 

1.24 

1 If 40 

sq. ft. 

of radiation 

are 

required at 

standard 

conditions of 


l^uifc 0 70* F. and 200® F. Average Water Temperature multiply 

t# X 71 found in table 6 

40 X .71 = 28.4 sq. ft. should be 'installed. 

If other than 0 —- 70® F. conditions arc specified use table 6 in same 
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Assumed Temperatures 


Living rooms ____ 70^ F. 

Bathrooms ....... 75 ® F. 

Private Garages ... 40 to 50® F. 

Unheatcd Attics ..... 35® F. 


Above temperatures should be measured at a distance of 5 ft. above 
floor level, and at least three feet from exposed walls. 

Systems 

One Pipe Gravity Steam 

Pressure or Vacuum 

In this system the condensation returns to the* boiler by gravity. The 
high point of the main rs directly over the boiler and the system may 
comprise one or more circuits. 

There is no set rule regarding the distance from the boiler water line 
to the low point in the main. Phis distance is governed entirely by the 
drop in pressure at a point where the last radiator is taken off the main. 

In designing a one pipe gravity system of piping the following is 
important: 

1— The riser from boiler outlet should be full size and run as high 
as possible before branching out and from this high point the 
main should pitch down in each 10 ft. 

2— That the piping system shall be free to expand when heated. 

That a quick vent air valve be installed at the end of each circuit 
and at other points where air might accumulate. 


Size of Mains 

Up to 190 sq. ft. radiation ... 

Up to 390 sq. ft. radiation ... 2" 

Up to 650 sq. ft. radiation .. 21/^" 


The sizes of‘flow mains are for use when main does not exceed 100 ft 
in length; ovor 100 ft. use one size larger main. The main should not be 
reduced more than one pipe size and where reduction is made this must be 
accomplished by using an eccentric fitting. The main should extend full 
size to a point 3 ft. beyond last take off, before making reduction for 
return to Boiler. 

The use of the Hartford loop is recommended. 


— 16 
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Bcaaches and llisets 

Branches shouId.be taken off the top of the main, preferably at a 45» 

illnl S.“ “““ “ ‘"“"“ I" “ 

Jo AO case should a horizontal branch be over 6' in Icn^h. 

Size of Blanches, Runouts, Risers and Valves 

Up Feed 


Pipe & Valve 

Horizontal 

• Square Feet Standard Radiation ■ 


Sue 

Inches 

Branches ^ 
Runouts 

Vertical 

Risers 

Radiator 

Valve 

1 

20 

45 

24 

1^4 

55 

100 

60 

l>/2 

80 

150 

80 
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Two Pipe Gravity Warm Water System 1 
Up Feed I 

In this system is embodied a flow main and flow risers, return bhIiI 
and return risers. The mains and horizontal branches should be dcsigadl 
so that the lowest point in the piping system will be directly over tkl 
boiler apd pitched up at least 1 / 2 " in each 10 ft. length to the far endd 
the main. The return main is run parallel to the flow main of the urn 
size, and is pitched in the same direction. 

Table of Mains Two Pipe Gravity Warm Water System 


Square Feet Standard 
Radiation 

Standard Conditions 
175 
350 
550 
850 


Size 

Flow and Return Main 
Inches 

2 

2y2 

3 


Above sizes are for use when flow mains do not exceed 100 feet ia’ 
length. 

If a main is reduced there should be a branch taken off the reducing 
fitting, preferably on a 45® from the top, for the purpose of relievin^j 
the air. \ 


Size of Risers 

Two Pipe Gravity Warm Water 

Square Feet Standa^’d Radiator 
Standard Conditions 

First Floor 

Up to 20 sq. ft. ___ ____ 

From 21 to 45 sq. ft ...... 

*• 51 to 90 *• ........ 

•• 101 to 140 *• ..___ 

*• 146 to 250 ---- 


Pipe Sire 
la lochu 


1 

l'/4 


I'/j 
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Square Feet Scandar<! Radiator Pipo Size 

Standard Conditior\s In Inches 

^ood Floor 

Up to 28 sq. ft_____ Yi 

From 29 to 60 sq. ft ....... . % 

61 to no *’ -......... I 

•* 111 to 250 •• ....... 1 ^ 

Third Floor 

Up to 35 sq. ft. ----r. - .. Vi 

From 35 to 80 sq. ft .... . . . .. % 

81 to 140 ” “ ..... . ' 1 

'* 146 to 300 •• •* ....-.... ... iVi 

All of above pipe sizes based on steel pipe. 

All horizontal branches and runouts to be one size larger than vertical 
risers. 

Expansion Tank 

Many Warm Water Heating installations cause needless expense and 
trouble through the use of an expansion ‘ tank of inadequate size. It is 
important that the expansion tank be placed at least 3 feet above the top ol 
highest radiator, and that it be connected with an expansion pipe, ao 
overflow pipe, and a vent. 


Expansion Tank Capacity 
Open System 

Nominal Capacity—Gallons Square Feet of Radiation 


10 

15 

20 

26 


300 

500 

700 

950 


Closed System 


18 

21 

24 

30 

35 


450 

650 

900 

1100 
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The overflow line should be run to a suitable drain and should be 
vented, to prevent syphonic action. The vent or overflow line should in 
no case be run to the outside of the building as hoar frost is liable to 
accumulate. Freeaing of expansion tanks, expansion or overflow lines 
must DC avoided. 


KEY COM^HCSSION 



#ffO WATCH 
^HAIIf COCK 



COM0INA7ION altitude GAUCC 
AND THCRMOMCTCH 


hihinc kitchcs OOWNWAHO 
IN OlHCCriON OF AHHOWS 


typical layout of 

TWO PIPE GRAVITY 
WARM WATER SYSTEM 


Locating Radiators 


For the best results, radiators should be placed adjacent to or near 
the exposed surface oflfering the greatest heat loss from the room. 
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CHAPTER 32 



RATING CODE 


STEEL BOILER INSTITUTE 

INC. 
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PREFACE 


T he steel boiler institute (formerly known as 

Steel Heating Boiler Institute) was established in 1929 
by a representative group of steel boiler manufacturos 
to create standards of rating and general design of steel heating 
boilers for the general benefit of the boiler-using public. 

An early activity was the drafting of the Institute Rating 
Code which has gained wide recognition and acceptance in the 
heating industry and which has been responsible for the present 
high degree of confidence in steel boiler ratings. The Code was 
ori^nally developed in 1929 by a group of steel boiler company 
engineers and was adopted by the Institute and published 
December, 10, 1929. 

The first revision of the Code was adopted November 19, 
1932. It retained all the provisions of the first edition and was 
enlarged to include rules for rating boilers designed for stoker 
firing with bituminous coal. 

During the period from 1931 to 1934, the Institute in co¬ 
operation with the Division of Simplified Practice of the 
National Bureau of Standards, established a table of stand¬ 
ardized sizes for commercial steel heating boilers. This table 
was adopted at a general conference June 5, 1934, and was 
published by the Institute in preliminary form January 1, 
1935, and by the United States Department of Commerce as 
Simplified Practice Recommendation R 157-37 effective Jan¬ 
uary 1, 1937. These publications listed standardized sizes of 
boilers rated according to the November 19, 1932, edition of 
the Rating Code. ; 
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i The next revision of the Rating Code published January 29, 
i 1936, included a simplified furnace-height formula and per- 
I mitted the net rating of Insulated Residential Steel Boilers 
I which met certain specified test limitations. 

I On September 15, 1943, an Engineering Committee was ap- 
I pointed by the Board of Directors of the Institute. Among the 
i first assigned projects were a revision of the Rating Code for 
I Residential Steel Boilers and a revision of the Rating Code 
for Commercial Steel Heating Boilers. These revised codes are 
[ included in this, the fourth edition of the SB I Rating Code 
I for Steel Heating Boilers. The Rating Code for Commercial 
I Steel Boilers has been revised to specify minimum instead of 
I average furnace heights and these heights have been determined 
i following conferences with the Stoker Manufacturers Associa- 
[ tion. The SBI Rating Code for Residential Steel Boilers is 
completely new and includes standardized sizes for mechan¬ 
ically-fired boilers, a new grate area formula and furnace 
volume requirements for hand-fired boilers and a code for 
testing oil-fired boilers. 

STEEL BOILER INSTITUTE, INC. 

‘ SECTION I 

GENERAL 

Purpose. — The purpose of this Code is to provide a uniform 
method of rating Steel Heating Boilers (except Vertical and 
Scotch Marine Commercial types for over 15 pounds pressure) 
which are manufactured in accordance with the American 
[ Society of Mechanical Engineers Boiler Construction Codes. 

Types of Boilers. — This code is intended to apply to all 
L designs of steel boilers commonly known as Commercial Types 
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and Residential Types which for the purpose of this code mJ 
be dwined as follows: ^ 

a. Commercial Steel Boilers are those containing the heatino- 

b. Residential Steel Boilers are those containing not more than m 

RATmr^<? *’®^**"e ®“rface and having catalogue STEAM SBI NET 
RATINGS not more than 3000 square feet mechanically fired and 24R(I 

Ratings 

1. The rating of a boiler shall be expressed in square feet of 
Jeam and/or water radiation and in Btu per hour. Boiler 
Horsepower rating may be listed optionally in addition to the 
steam, water and Btu ratings. 

2. One square foot of steam radiation shall-be considemi 
equal to the emission of 240 Btu per hour and one square fS 

^ ^ considered equal to the emission of 

150 Btu per hour. 

3. A Boiler Horsepower is the evaporation of 34.5 pounds 
of water into dry steam from and at 212° F. For the puroose 

o1 as the heat equSnt 

oi 140 sq. ft. of steam radiation per hour. 

toy? in additio, 

to SBI EATINGS, such B.H.P. ratings shall be obtained by 

dividing the STEAM SBI RATINGS tor hand-firing and/oj 
mechanical firing by 140. * 

th^^fhP ‘^‘^'''ates the Estimated Design Load 

that the boiler will carry as determined by the sum of items 



4 
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of 
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Description of Connected Loads. 

The SBI NET RATING indicates the Net Load the boiler 
mil cai^ as determined by the sum of items A and B except 
that if the heat loss from the piping system exceeds 20 percent 
of the installed radiation the excess shall be considered as 
additional Net Load. 


Description of Connected Loads 
a. The estimated normal heat emission of the connected 


radiation required to heat the building as determined by ac¬ 
cepted practice, expressed in sq. ft. of radiation or in Btu 
per hr. 


b. The estimated maximum heat required by water heaters 
orother apparatus connected to the boiler, expressed in square 
leet of radiation or in Btu per hr. 


c. The estimated heat emission of piping connecting radia¬ 
tion and other apparatus to the boiler, expressed in sq ft of 
radiation or in Btu per hr. 


Heating Surface.—Heating surface shall be expressed in 
sq. ft. and shall include those surfaces in the boiler which are 
exposed to the products of combustion on one side and water 
on the other. The outer surface of tubes shall be used. 


Furnace Volume.—The furnace volume for furnaces in 
[Which solid fuel is burned shall be the cubical content of the 
^ce between the bottom of the fuel bed and the first plane of 
entry into or between the tubes. 


Heating Value of Coal.— The ratings for hand fired boilers 
as determined by this code are based on coal having a heatine 

fired. When selecting hand 
m steel Boilers for coal of less heating value, the estimated 


jL 
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design load shall be multiplied by the proper factor sel 
from the following table; 


Heat Value 


Heat Value 


Btu Per Lb. 

Factor 

Btu Per Lb. 

Factor 

13000 

1.00 

10500 

1.24 

12500 

1.04 

10000 

1.30 

12000 

1.08 

9500 

1.37 

11500 

1.13 

9000 

1.44 

11000 

1.18 




Por 

Ind 


Grate Area.—Grate area shall be expressed in square feetaa 
measured in the plane of the top surface of the grate. For douU 
grate boilers, the grate area shall be the area of the upper 

;ea 


plus one fourth of the area of the lower grate. 


SECTION II 


RATING OF COMMERCIAL STEEL BOILERS 


F- 
iii( 

)isi 

|)ec 


Heating Surface.—The SBI RATING of a boiler, a 
pressed in sq. ft. of steam radiation in which solid fuel ha 
fired is burned, is equal to fourteen (14) times the heata F 
surface of the boiler in sq. ft. fet' 

The SBI RATING of a boiler expressed in sq. ft. of sta 
radiation in which solid fuel mechanically fired, or in which®® 
or gas is burned, is equal to seventeen (17) times the he 
surface of the boiler in sq. ft. 

Grate Area.—The grate area shall be not less than 
determined by the following formulae: 











S. B. I. Rating Code 


517 


For boilers with SBI RATINGS 1800 sq. ft. to 4000 sq. ft of 
steam radiation 


G 


‘/I 


R-200 


25.5 


For boilers with SBI RATINGS 4000 sq. ft. of steam radiation 
and larger 


>-i/: 


R-1500 


16.8 


Wiere G is grate area in sq. ft. R is SBI RATING in sq. ft. of 
steam radiation. 


Furnace Volume.—The furnace volume for a boiler in 
fhich pulverized fuel, oil or gas or stoker fired bituminous coal 
B burned shall be not less than one cu. ft. for every 140 sq. ft. 
ofst^m SBI RATING. No minimum furnace volume need be 
specified for mechanically fired boilers burning anthracite. 


m 

m 


Furnace Height.—Furnace height shall be the vertical 
fetance from the bottom of the waterleg to the crown sheet 
p neasured midway between the sidewalls and midway between 
0 he front and back (or bridgewall if used) of the furnace. 



The furnace heights for bituminous coal stoker fired boilers shall be 
not less than those shown in Table 1, Column 8 on Page 518. 

If the minimum furnace height is not contained above the bottom of 
the water leg of a boiler the manufacturer shall by illustration, text and 
table of dimensions in his catalog indicate clearly that the minimum 
furnace heights are to be obtained by setting the boiler on an extended 




















Bituminous Stoker Fired. 
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table IContinued 





Hi 

^ND FIRED 


Mini- 

Flow Tappings 

luting 
Surface 
Sq. Ft. 


SBI Ra 

ting 

SBI Net Rating 

mum 

Grate 

Area 

Steam 

( Steam 

Sq. Ft. 
Steam 

Sq. Ft. 
Water 

B.T.U. 

Sq. Ft. 
Steam 

Sq. Ft. 
Water 

B.T.U. 

Sq. Ft. 

Outlet 

I.P.S. 

In. 

Return 

I.P.S. 

In. 

129 

1,800 

2,880 

432,000 

1,500 

2,400 

360,000 

7.9 

6 

3 

158 

2,200 

3,520 

528,000 

1,830 

2,930 

439,000 

8.9 

6 

3 

186 

2,600 

4,160 

624,000 

2,170 

3,470 

521,000 

9.7 

6 

3 

215 

3,000 

4,800 

720,000 

2,500 

4,000 

600,000 

10.5 

6 

3 

250 

3,500 

5,600 

840,000 

2,920 

4,670 

700,000 

11.4 

6 

3 

286 

4,000 

6,400 

960,000 

3,330 

1 

5,330 

800,000 

12.2 

6 

3 

322 

4,500 

7,200 

1 , 080,000 

3,750 

6,000 

900,000 

13.4 

6 

3 

3 

358 

5,000 

8,000 

1 , 200,000 

4,170 

6,670 

1 , 000,000 

14.5 

0 

429 

6,000 

9,600 

1 , 440,000 

5,000 

8,000 

1 , 200,000 

16.4 

8 

9 

4 

500 

7,000 

11,200 

1 , 680,000 

5,830 

9,330 

1 , 400,000 

18.1 

3 

4 

608 

8,500 

13,600 

2 , 040,000 

7,080 

11,330 

1 , 700,000 

20.5 

8 

A 

715 

10,000 

16,000 

2 , 400,000 

8,330 

13,330 

2 , 000,000 

22.5 

8 

4 

893 

12,500 

20,000 

3 , 000,000 

10,420 

16,700 1 

2 , 500,000 

25.6 

3 

A 

1,072 

15,000 

24,000 ; 

3 , 600,000 

12,500 

20,000 : 

5 , 000,000 

28.4 

8 

A 

1,250 

17,500 

28,000 - 

♦, 200,000 

14,580 

23,330 • 

5 , 500,000 

30.9 

8 

4 

1,429 

20,000 

32,000 - 

♦, 800,000 

16,670 

26,670 ^ 

♦, 000,000 

33 2 
37.4 

3 

4 

1,786 

25,000 

40,000 ( 

5 , 000,000 

20,830 

33,330 t 

>, 000,000 

to 

3 

k 2,143 

30,000 

48,000 : 

r , 20o,ooo 

25,000 

40,000 f 

>, 000,000 

41.2 

10 

6 

6 

k 2,500 

35,000 

56,000 i 

5 , 400,000 

29,170 

46,670 : 

^ 000,000 

44.7 

10 
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Minimum Data To Be Shown on Boiler 

a. Manufacturers’ Name and Address. 

b. Boiler Number and Type. 

c. SBI Symbol. 

d. Heating Surface in sq. ft. 


SECTION III 



RATING OF RESIDENTIAL STEEL BOILERS 


t; 

b 

b 


Oil Fired. — Oil Fired Residential Steel Boilers shall be cata¬ 
loged with the ratings shown in Table 2. They shall be testM 
in accordance with the SBI Code for Testing Oil Fired Steel 
Boilers, Section IV of this Code. The following limiting factors 
shall apply in determining the SBI NET RATINGS. 

Heating Surface. — The SBI NET RATING expressed hi 
square feet of steam radiation shall be not greater than seven¬ 
teen (17) times the heating surface of the boiler. 


Number of Boilers to be Tested. — Tests shall be con^ 
ducted on at least the shortest and longest sizes of a series 
where the increase in boiler size of the series is obtained 
increasing only the length, other dimensions of the desip re^ 
maining the same. Ratings of the untested intermediate sizs 
shall be determined by proportioning in accordance with the 
heating surfaces of the tested sizes. 


1 . 

1 


r 


CO 2 in Flue Gases.—The burner shall be set to prodae^ 
10% CO 2 (±0.2%) in the flue gases. ] 
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Flue Gas Temperature.—The flue gas temperature shall 
not exceed 600° F. when the boiler is operating at 150% of the 
SBI NET RATING. 


Overall Efficiency.—The overall efficiency of the boiler and 
burner shall be not less than 70% when operating at 150% of 
the SBI NET RATING. 


Draft Loss Through Boiler. — The difference between 
the draft in the breeching and the draft in the firebox when the 
boiler is operating at 150% of the SBI NET RATING shall 
be not greater than that determined by the following formula: 

NR 

DL -- 1- 4 

j 200 

\ where DL is the draft loss in hundredths of an inch of water. 
I NR is the SBI NET RATING in square feet of steam radiation. 

This limitation shall not apply to integral boiler-burner units regularly 
cataloged and marketed complete with boiler, burner and refractory de- 
. signed to operate with higher draft losses and where means is provided 
to develop sufficient draft to overcome the high draft losses. 

I Furnace Volume. — The furnace volume shall be not 
1 less than one cu. ft. for every 110 sq. ft. of steam SBI NET 
S RATING. 

This limitation shall not apply to integral boiler-burner units 
regularly cataloged and marketed complete with boiler, burner 
and refractory. 


Stoker Fired.—The SBI NET RATING shall be not greater 
than the oil fired boiler rating. If baffles or turbulators were 
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used in determining the oil fired ratings they may be omit! 
from boilers furnished for stoker firing. 

Gas Fired.—The SBI NET RATING shall be not 
than the oil fired rating. 

HAND FIRED 

Heating Surface.—The SBI NET RATING in square f« 
of steam radiation shall be not greater than fourteen (14) tin 
the heating surface. 

Grate Area. — The grate area shall be not less than tk 
determined by the formula: 




NR+600 


9 


8 


where G is the grate area in square feet and NR is the Sb| 
NET RATING in square feet of steam radiation. 

Firebox Volume. — The firebox volume for the purposeici 
determining the coal storage capacity of a hand fired boils 
shall be that volume between the grate and the crown sheet 
The volume of the uptake, the upper combustion chamber anj 
that beyond the front face of the bridgewall shall not be 
included. 

The firebox volume shall be not less than that determinei 
by the formula: 


FV 




NR+90 


— 5.5 


where FV is the firebox volume in cubic feet and NR is th 
SBI NET RATING in square feet of steam radiation. 
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Minimum Data To Be Shown on Boiler 

a. Manufacturer’s Name and Address. 

b. Boiler Number and Type. 

c. SBI Symbol. 

d. Heating Surface. 


TABLE 2 

SBI NET RATING DATA FOR RESIDENTIAL 
STEEL BOILERS-OIL FIRED 


SBI NET RATING 

Minimum 
Furnace 
Volume 
Cu. Ft. 

Heating 
Surface 
Sq. Ft. 

Sq. Ft. 
Steam 

Sq. Ft. 
Water 

BTU 

275 

440 

66000 

2.5 

16 

320 

510 

77000 

2.9 

19 

400 

640 

96000 

3.6 

24 

550 

880 

132000 

5.0 

32 

700 

1120 

168000 

6.4 

41 

900 

1440 

216000 

8.2 

53 

1100 

1760 

264000 

10.0 

65 

1300 

2080 

312000 

11.8 

77 

1500 

2400 

360000 

13.6 

88 

1800 

2880 

432000 

16.4 

106 

2200 

3520 

528000 

20.0 

129 

2600 

4160 

624000 

23.6 

153 

3000 

4800 

720000 

27 3 

177 


.1 
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e. SBI NET RATING in Btu for each type of firing re 
mended. 

f. Whether or not baffles or turbulators or other means 
directing or retarding flue gases are used. 
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CHAPTER 33 


Automotive Control 
Wiring Diagrams 


; The author presents here a multiplicity of automatic control 
Wiring diagrams comprising practically all controls of the lead¬ 
ing manufacturers. 

These wiring diagrams are partly pictorial and partly in 

P- ■ 

. diagram form, making it very easy to follow the various 
I connections. 


Applications to the various heating systems such as steam, 
hot water, both gravity and forced circulation are covered. 

Various refinements are also presented, such as night and 
day control; Modufiow with reset and volume methods; stoker 
’ control systems; hot air humidity controls; outdoor weather 
control; summer-winter control — in fact all leading controls in 
'k common use. 














~ - ^^iomatic Control Wiring 












































Automatic Control Wiring Diagrams 527 

































































for oil burner fired low pressure steam heating system \ 
water protection. It is highly recommended that all oil burner fired steam ba 
low water controls te prevent burning up the boiler in the eva 
f n This simphfied control hook-up, in general use in the field 

regulation as well as low water protection to low pressure s" 
where steam is generated for heatmg purposes only. 
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Fig. 4—Control hook-up for oil burner fired hot water heating system — gravity cir¬ 
culation. This simplified control hook-up, in general use in the field, covers an oil burner 
fired hot water heating system wherein the water circulates by gravity (no circulating 
f>uinp employed). 
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Fig. 7— Control hook-up for oil burner fired hot water heating system with forced 
culation pump controlled by line voltage thermostat — provides year around dor* 
hot water through indirect or tankless heater. This hook-up is quite generally era 
in the field in connection with oil burner fired, forced circulation hot wa^er 1 
systems which are equipped with indirect or tankless heaters (heaters not 5 
supplying year around domestic hot water. 
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gjte. &-|-Control hook-up for oil burner fired hot water heating system, with forced cir- 
r culation pump controUed by low voltage thermostat — provides year around domestic 
hot water through indirect or tankless heater. 
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heating system with forced 
wdation pump controlled by low voltage thermostat and reverse action temperature 

through indirect or tankless heater. 
H o k heating systems with forced circulation are quite generally 

qpSoT? are ‘ d very satisfactory results as well as economical 



































































Fig. 11 — Control hook-up for oil burner fired, forced circulation hot water system, 
two stage thermostatic control, also providing year around domestic hot Water thieni^ 
indirect or tankless heaters. Distinct advantages are realized when this hook-up is a 
ployed m connection with oil burner fired, forced circulation hot water systems 
are equipped with indirect or tankless heaters (heaters not shown) for year 
domestic hot water. 
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Wiring diagrams for V5 controls as used for Janitrol gravity furnace Series GCS-64. 
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STOKER RELAY SYSTEM 
CHRONOTHERM 
CONNECTION DIAGRAM 




This is a very simple and yet popular system designed principally for fli« 
control of domestic stokers. You get the benefits of Heat Acceleration^ 
exclusive with M-H—a dependable, field proven Stokerelay—and positive 
high limit protection for the heating system. 
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SIMPLE STOKER CONTROL SYSTEM 

CONTROLS REQUIRED: 

1. Til A Acratherm. TI09A Da-Nite Acratherm, or TI05A ChronofRerm. 

2. RI83A Stokerelay. 

3. High Limit Control—LA419A Airstat for warm air systems; 

1^°^ ^’•gher ranges) Pressuretrol for steam systems? 
LA409A Surface or L444A Immersion Aquastat for hot water systems. 

SEQUENCE 

A. TMA Heaf AccpUrafed Acpafhecm operates RI83A Stokerelay to start and stop stoker, 
thus maintaining evfo room Temperature. 

B. RI83A Stokerelay operates the stoker at regular Intervals to keep fire alive. 

C. High Limit Control protects against excessive temperature. 

WIRING 

A. Connections to be made as shown above. 

8. Snap switch, as shown, is advisable to open stoker motor circuit when cleaning fire. 


Day and night control 

A. TIOSA Chronotherm may be substituted for TIIA to provide fully autematic morning 
Dick-up and night set-back. 

(a) TiOSA Chronotherm wiring as shown above. 

6. TI09A Da-Nite Acratherm may be substituted for Tl lA Acratherm to provide auto¬ 
matic morning pick-up with manual night set-back. 

(a) TI09A Da-Nite Acratherm wiring is same as TIIA Acratherm. 


The M-H Chronotherm will pay for itself in fuel savings. It automatically 
reduces .the temperature at night and again restores the temperature in the 
morning to the desired daytime level. It is all electric and, after it is once set, 
requires no further attention. 

The Chronotherm provides constant level room tempera¬ 
ture through the use of the exclusive Minneapolis-Honeywell 
feature of Heat Acceleration. Heat Acceleration can be 
accomplished only in the M-H Series 10 circuit. It means 
shorter operations for the stoker, with no room temperature 
over-shooting or under-shooting. Heat Accelerated Thermo¬ 
stats automatically vary the running period of the stoker 
according to weather conditions. The Chronotherm gives the 
owner the ultimate in comfort—no need for him to leave a 
wawi bed in the morning to set up his thermostat—no need 
for him to attend to it before retiring.* 



Chronotherm 
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TIMER RELAY 
AND 

DA-NITE TIMERELAY SYSTEMS 



Both ot the systems on this page include the Timerelay which Incorporates tfie 
skip feature preventing a stoking operation from immediately following a 
thermostat shut-down. The skip feature eliminates fuel waste, and prevents 
over-shooting of room temperature. The RI54 Timerelay system offers com¬ 
plete automatic night set-back and (norning pick-up of room temperature 
by means of the clock in the timer. 
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RI53A TiMEREtAY SYSTEM 

CONTROLS REQUIRED; Figs. I and 2 

1. Til A Acratherm, TI09A Da-NIta Acrafherm, or TI05A Chronotherm. 

2. RI53A Timerelay. 

LMWA W«e°or^L444A^^^^^ (for higher ranges) Pressure*rol for steam systems: 
^ L444A Immersion Aquastat for hot water systems. 

dcCpUcNCE 

*■ ... "••• 

"" ..- ■" 

(a) RI53A Timerelay has interlocking mechanism, making it impossible to obtain 

pr'tentinn « shut-down from the TIIA Adratherm. 

f u- ® over-shooting of room temperature and eliminating fuel waste. 

V. High Limit Control protects against excessive temperature. 

(a) Standard two-wire M-H Limit Control may be connected in low voltage circuit 
as shown or in hot line to stoker motor. ’ oircuii 

DAY AND NISHT CONTROL 

^ Jlck-^p^nd^tghV^erbrck.' "’-"'"9 

(a) For TI05A Chronotherm wiring, see pagd 538. 

*■ 1'.®*?'^ Acratherm may be substituted -'for Tl lA Acratherm. to provide auto- 

matic morning pick-up, with manual night set-back. 

(a) TI09A Da-Nite Acratherm wiring same as TIIA Acratherm shown above. 

i.rM,ir..n,. „ DA-NlTE TIMERELAY SYSTEM 

CONTROLS REQUIRED: Fig. 3 

1. TI9A Twin Acratherm. 

2. RI54C or D Timerelay. 

Airstat for warm air systems: 

LA409A S°urfMe°o!”r 444 AV°^'^ (for higher ranges) Pressuretrol for steam systems: 
SEQUENCE L444A Immersion Aquastat for hot water systems. 

A TI9A Twin Acratherm combines into one unit two separate Thermostats, one for day 
and one tor night operation. ^ 

e. RI54C Da-Nite Timerelay function, in addition to providing timing operation, is to 
aiitamatically switch the day setting of the Twin Acratherm to the night setting and 
IrterlMking'featu/e *«f*ing at any predetermined time. RI54C also includes 

(a) RI54C adiustable from 0 to 12 hours for the night shut-down and 12 to 24 hours 
tor day sefTing, 

(b) ^*540 same as RI54C but adiustable from 12 to 24 hours for night shut-down and 
0 to 12 hours for day setting. 

(c) RI54C and D models designed for use with Twin Acratherm only. 

C High Limit Control, as shown, operates as protective device. 

(a) lij fhe RI54 Sys^m, the High Limit Control must be connected across "G" and 
L or between Thermostat and Timerelay, but never In the hot swppty line. 

0. For other RI54 Da-Nite Timerelay System hookups, see page 542 ^ 
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DA-NITE TIMER RELAY SYSTEMS 
FOR 

COMMERCIAL STEAM HEATING PLANTS 



L404A FOR LOW 
PRESSURE CONTROL 


. RI54C OR 0 






STOKER i 
MOTOR 


L404A HIGhI^ 
PRESSURE^ 
CONTROL 

stoker/ 

MOTOR I 


IsWIRIN 
I I ■ A. P 
'll- ( 


Many different systems can be built around the RI54 Da-Nite Timerelays.! 
A tew ot the systems are shown on this page, and you will appreciate fhaf if 
ot these rather unusual systems use standard control units throughout. Yo# I 
can solve some of yotir formerly troublesome control problems on commerca 
steam heating systems with these control groups. 


ICONTI 
I. T 


HB. S. 


AU‘ 


i •C40 
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AUTOMATIC DAY CONTROL FROM PRESSURETROL AND 
NIGHT CONTROL FROM DA-NITE TIMERELAY 

CONTROLS REQUIRED: Solid lines only in Fig. I 

L404A (for higher ranges) Pressurefrol. 2. RI54C or D* 
Da-N.fe Lmerelay. 3. C402A Lo-Water Cutoff.* a or y 

SEQUENCE 

A. Pressuretrol alone controls stoker during day when steam is reauired. 

B. At night fire is banked and kept alive by occasional RI54 stoking operation. 

C. RI54 switches control automatically at any predetermined time from Pressuretrol day 

operation to R154 night operation and from RI54 night operation to Pressuretrol day 
operation. ' 

(a) RI54 has interlocking feature. 

(b) RI54C has 0 to 12 hours adj. "off” period. RI54D has 12. to 24 hours adi. "off" 

period. * 

WIRING: Fig. 2 

A. Pressuretrol wiring is low voltage to terminals "B" and "W" on RI54. 

(a) RI54 "R ’ -and "B" terminals must be shorted as shown. 

AUTOMATIC HIGH-PRESSURE CONTROL FOR DAY AND 
LOW-PRESSURE CONTROL FOR NIGHT 

CONTROLS REQUIRED: Both solid and dotted lines in Fig. I 
!. Two or L404A Pressuretrols. (Specify P404A for 0-10 lbs. and L404A for higher 

ranges.) 2. RI54C or D Da-Nite Timerelay. 3. C402A Lo-Water Cutoff*. ^ 

SEQUENCE 

A First Pressuretrol. set for high-pressure range, operates stoker through RI54 for day 
control, and operates as high limit protective device at nigh 

B. Second Pressuretrol, set for low-pressure, operates stoker through RI54 for night 

control. ^ 

(a) Both Pressuretrols must have same operating range. 

C. RI54 automatically switches control of stoker from high-pressure Pressuretrol to tow* 
pressure Pressuretrol, and reverses operation at any predetermined time. 

(a) Either RI54C or RI54D may be used. 

WIRING: Fig. 3. 

A. Low range Pressuretrol is low voltage to terminals "W" and "G" on RI54. (Fig. 3.1 
High range Pressuretrol is line voltage and wired between RI54 and stoker motor. 

C. Rlb4 ‘W ■ and "B" terminals must be shorted as shown. 

AUTOMATIC DAY CONTROL FROM PRESSURETROL AND NIGHT 
CONTROL FROM L444A AQUASTAT 

CONTROLS RE9UIRED: Fig. 3 

I. P4MA (for 0-10 lbs.) or L404A (for higher ranges) Pressuretrol. 2. L444A Immersion 
Aquastat. 

3. Rl54C or D Da-Nite Timerelay. 4. C402A Lo-Water Cutoff.* 

SEQUENCE 

A. This System same as Fig. 3 but L444A Immersion Aquastat is substituted for low 
range Pressuretrol L444A operates stoker at night to maintain minimum water tem¬ 
perature wit^hout building up steam pressure. L444A to be mounted in boiler below 
water line. This system is recommended when no steam is required during the night. 

8. For Standard RI54 System hookups, refer to page 540 

K402 (gauge glass mounting, illustrated) for 15 lbs, maximum dt Trademark 

pressure or C622 for 150 lbs. maximum pressure. 
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RETURN LINE CONTROL SYSTEM 
LIMITED BY OUTDOOR TEMPERATURE 




It has been common practice to attempt to control steam heated buiW 
such as apartments, from a single pressure control or possibly from a The 
stat in the janitor’s quarters. The result has almost invariably been disgrm 
landlords, tenants, and general dissatisfaction. If you apply this controls/ 
judiciously, the building owner will be pleased with the resultant fuel sei 
and the number of satisfied tenants. At extremely low cost this simple c« 












Automatic Control Wiring Diagrams 545 


P^fem gives Improved temperature control and marked operating economy, 
pjie economy will be even greater and temperature control better on those 
pobs where the janitor adjusts the Aquastat for outdoor seasonal changes. 

Ilhis system depends upon the principle that the return water temperature 
i varies directly with the temperature of thfe heated space. The system opera¬ 
tion will therefore be affected by the trapping, the venting, the sizing of the 
fadiatlon, and the balance of the heating system Itself. Where these factors 
affect the return water temperature abnormally the system will not give satis¬ 
factory results. 

The Weatherstat system should be used to control larger buildings. The 
Weatherstat responds to factors causing the heat losses from buildings. 

AUTOMATIC CONTROL FROM OUTDOOR AND RE- 
TURN WATER TEMPERATURE WITHOUT TIMERELAY 
■CONTROLS REQUIRED; 

I i. L444A Immersion or LA409A Surface Aquastat mounted in or on return water line, 
i (a) Either one satisfactory, but L444A Immersion type more accurate. 

( 2. P404A Pressuretrol mounted on boiler. 

3. T4I5A (0-70® range) Remote Bulb Outdoor Temperature Controller with bulb (Slaced 
' outdoors to measure true outdoor temperature, and the instrument case located inside 
the building to be readily accessible. 

4. C402A Lo-Water Cutoff* to protect against hazards of low water in boiler. 

5. This system usually for the larger job where motor is over one horsepower so starting 
box is often required. 

SEQUENCE 

: A Surface or Immersion Aquastat measures return water temperature, T415A Temperature 
Controller the outdoor temperature, and P404A Pressuretrol the boiler pressure. 

B. With outdoor temperature low enough to require heat to the building, and return 
water temperature below Aquastat setting, stoker starts and is controlled by P404A 
Pressuretrol only. 

(a) When outdoor or return water temperature rises, indicating that less heat is 
required, stoker stops and remains inoperative until lower temperatures indicate 
a need for additional heat. 

pl^iRING 

^ A. Connections to be made as shown below. 

i (a) LA409A or L444A, P4(J4A and T4I5A are connected in series with each other and 
r wired to operating coil of stoker motor starter. 

*C402 (gauge glass mounting, illustrated) for 15 lbs, 
f maximum pressure or C622 for 150 lbs, maximum pressure. 
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WEATHERSTAT DIRECT CONTROL SYSTEM 





The Weatherstat system is a money saver. Building owners report free 
instances of savings of 20% or more-some as high as 40%—jJid with! 
Mtisfactory building temperatures. At low cost the Weatherstat furnishes 
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system, as shown, is recommended to control steam plants on all installa- 
fions too large for single thermostat control, but not sufficiently large to 
require zoning to secure proper distribution and efficiency. The Weatherstat 
|is the only system designed to meter steam in accordance with building 
■ requirements taking into account such factors as outdoor temperature, solar 
jradiafion, wind direction and velocity. 

ICONTROLS REQUIRED: 

! !. TJ4A Weatherstat mounted outside bulidin 9 . 

; 2. MD482-II6 Weatherstat Panel Board mounted in boiler room. 

3. RI54C or D Da<Nite Timerelay. 

4. P404A Pressuretrol mounted on boiler. 

1 5. T4I5B Remote Bulb Controller with bulb mounted in riser. 

6. L444A Low Limit Control mounted in boiler. 

7. C402A Lo-Water Cutoff* mounted in boiler. 

|K)UENCE 

. A. TI4A Weatherstat heating element receives current from transformer in special panel 
i tl building. Time required to increase teipperature of 

i Weatherstat and break its contacts determines time stoker operates. 

!l T4I5B Confroller in st.am supply m.in prevents Weatherstat heating element from 
j heating until steam is being delivered. 

! (aj Keeps element heating as long as steam is delivered after relay cuts off. 

(b) Current is always supplied to Weatherstat heater during same period steam is 
supplied to system. 

C. RI54C or D Da-Nite Timerelay 

(a) Turns stoker off and on as contacts in Weatherstat open and close. 

(b) CuH off Weatherstat at predetermined time, at night, and returns Weatherstat 
control in morning. Promotes economy and efficiency, insures hot radiators af 

j hours when most tenants are rising. 

r (c) Has skip feature, preventing additional firing immediately after Weatherstat 
j indicates building requirements have been satisfied. 

I (d) Provides adjustable interval timing periods to keep fire alive during night "off'* 

I cycle and periods when no heat is required. 

p. L^A Low Limit Control in boiler maintains boiler temperature near boiling point 
j at all times, providing quick response. 

p C402A Lo-Water Cutoff* stops stoker in event of dangerously low boiler water level, 
jf. Weatherstat Panel Board includes: 


quei 
ma - 
2S tl f 
lar^ r 


(a) Transformer to provide current for Weatherstat heating element. 

(b) Rheostats to readily correlate rate of Weatherstat heating with system response. 

(c) Manual switch so operator can readily secure: 

Automatic operation. 

System entirely off. 

Continuous stoker operation independent of Weatherstat. 



*C402 (gauge glass mounting, illustrated) for 15 lbs. 

I maximum pressure or C622 for 150 lbs, maximum pressure. 


★ Trademark 
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SYSTEMS FOR FORCED CIRCULATION 
OF 

HOT WATER WITH STOKER TIMER OR STOKER 




:sE 


B 



The extreme quietness of the M-H Packless Seal Circulators reflects years ^ 
experience and engineering. They are drip-proof and leak-proof because d 
the M-H Packless Seal—No packing gland to loosen In servlcel A large 
capacity reservoir holds sufficient oil to provide trouble-free performanci ^ 
over a long period of time. M-H Circulators Improve sluggish heating systems^ 

—assure comfortable temperatures throughout the house — make possilibi 
lower boiler temperatures with resultant fuel savings. 
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""V unit providing Holdfire, 
Outfire features in a single instrument. It is ruggedly designed 

f»*” 

FORCED HOT WATER SYSTEM WITH STOKER TIMER 

CONTROLS REQUIRED: 

1. Til A Acratherm, TI09A Oft-Nite Acrathe-m. or TjqsA Chronofherm. 

2. L428A Aquasfat. 

3. V563A Angle or V56IA Straight Through Flow Velve. 

4. M403 Circulator. 

5. S400A Stoker Timer or L405A Stokerswitch. 

^ RI32A Relay. 

SSpUENCE-Figs. I and 2 
A. TIIA Acratherm calls for heat 

(a) RI32A Relay pulls in, starting stoker and M403 Circulator. 

**** dtwn''r *»**‘"9 of M28A Limit Control, ft# ttoLer shuts 

S. When Tf lA Acratherm is satisfied 

(a) RI32A Relay opens, stopping stoker and M403 Circulator. 

(b) S400A Timer operates stoker at intervals to keep fire alive. 

.(c) L428A Limit Control overrun feature operates Circulator alone to reduce boiler 
♦emperature if water temperature ever increases over desired maximum, 

FORCED HOT WATER SYSTEM WITH STOKERSWITCH 

^UENCE—Fig. 3 
A Tl lA Acratherm calls for heat 

(a) RI32A Relay pulls in starting stoker and M403 Circulator. 

(b) If boiler tempernturo reechos setting of L428A Limit Control, the stolior will be 
Shut but the Circulator continues to run, but as soon as boiler temperature 
drops below L428A setting, stoker again operates. 

•(c) If sfack temperature rises so that L405A element reaches approximately 800*, 
stoker is shut down until stack cools, but Circulator continues to run. 

When Tl lA Acratherm is satisfied 

(a) RI32A Relay opens, stopping stoker and Circulator. 

(b) If boiler temperature builds up over setting of L428A for any reason, overrun fea- 
ture operates Circulator alone to reduce boiler temperature. 

(c) When stack temperature drops to setting of L405A, indicating need for pilot 
operation. L405A operates stoker for brief interval until stack temperature rises. 

(d) If stack temperature drops below setting of L405A. indicating dead fire, Outfire 
feature operates, preventing feeding additional fuel. 

C. Row Valve automatically opens when Circulator starts, and closes when Circulator is 
not running, preventing circulation when heat is not required. 


Trademark 
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DOMESTIC SUMMER-WINTER HOT WATER SUPPLY 
STEAM OR GRAVITY HOT WATER SYSTEMS 


Sfeam heating systems lend themselves most readily to give year round auio> 
matic Summer-Winter hof water supply. It is only necessary to use an indirwf 
heater, either tank dr tankless type of suitable size, and include a low limS 
control Ipelow the water line in the boiler in addition to the standard confrd 
!system. The low limit control will be set to operate the stoker frequen^ 
enough to maintain the boiler water below the boiling point, but high enoagid 
.to give plenty of domestic hot water through the indirect heater. ' J 
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>nimerWnter systems are also applicable to gravity hot Water plants, but 
,» more ^aborate control system ts required. A minimum boUer temperature 
s mamtained by means of a low limit control and in order to prevent circula¬ 
tor) of hot water through the radiators when the room thermostat is satisfied, 
s motorized flow valve s installed in the riser. The thermostat controls this 
«|ye directly and a built-in switch in the motor operates the stoker through 
the Stokefelay when the valve is in the open position. 

A second Aquastat acts as high limit control to shut down the stoker when- 
ever the boiler temperature reaches the desired maximum during a thermostat 
call for heat. Between thermostat operations, if fhe boiler temperature should 
exceed the setting of the high limit control as a result of natural draft burning 
cr holdfire operations, a third Aquastat (reverse acting) opens the valve and 
permits cfrculation. ^ 

STEAM SYSTEM 

CONTROLS REQUIRED: Fig.. I .nd 2 

klUENCE 

0P®r««"9 stoker fhrough RI83A Stokerelev. 
r ‘«t‘sf'«<f. stop, stoker through Stokereley. ^ 

thermostet operation., LI70A contact, close and 
ft through Stokofelay until boiler temperature rises I0*e 

fc. C402A Lo-NVater Cutoff* stops stoker when water in boiler is below saf«L Uvel, 

GRAVITY HOT WATER SYSTEM 

CONTROLS REQUIRED: Figs. 3 and 4 

1. T2IA Acratherm. 

2. K204A Motorized Valve with auxiliary switch. 

3. RI83A Stokerelay. 

4. L444A"High Limit Control. 

5. L27dA Control (connected as a reverse acting control for over^runl. 

6. LI70A Low Limit Control. 

SEQUENCE 

A. 121A Acratherm calls for heat, opening K204A Valve. 

B. Auxiliary Switch on valve causes RI83A Stokerelay to start stoker. 

C. Tlierrnostat satisfied. K204A Valve closes and its Auxiliary Switch stops stoker. 

U. If boiler temperature rises to maximum setting of L444A, stoker stops. 

r Control holds minimum boiler temp, while Thermostat k satisfied 

h RI8iA Stokerelay operates stoker intermittently to maintain fire. 

9. If natural draft b'lminq or holdfire operation increases boiler temperature above High 
limit setting. L270A Controller opens valve to permit circulation and lower boiler 
temperature. Note that L270A is not connected color to color. 

PAY AND NIGHT CONTROL 

A TIWA Da-Nite Acratherm or TI05A Chronotherm may be substituted for TIIA in 
either system on this page. 

M TI09A Da-Nite Acratherm wiring same as TIIA Acratherm. 

(b) For Chronotherm wiring, $ee page 538. 

*C402 (gauge glass mounting, illustrated) for 15 lbs, 
maximum pressure or C622 dor 150 lbs, maximum pressure. 
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FORCED WARM AIR SYSTEMS 
BLOWER CONTROLLED BY THERMOSTAT 
OR PLENUM TEMPERATURE 




This is the best control system for stoker-fired, forced warm-air heating sp*- 
ferns. If provides for cutting off the stoker and furnace blower simultaneously 
in order to eliminate temperature overshooting after the thermostat is satt 
fled. It also gives you automatic operation of the furnace blower from tlie 
room thermostat for summer circulation. 


^'IRI 


A. 

B. 


C. 
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'blower controlled by room thermostat 

CONTROLS REQUIRED: Figs. I and 2 

1. TIIA Acratherm, TI09A Da>Nife Acratherm, or TI05A Chronofherm. 

2. RI55A Program Relay. 

3. L40IB Combination Control, combining functions of Fan Control, High Limit Control 
and Overrun Safety Control. 

4. S400A Stoker Timer. 

SEQUENCE 

A. TIIA Acratherm operates RI55A Relay which starts stoker and then furnace blower 
when bonnet temperature has reached the desired poin' 

6. When heat is no longer required, the RI55A Program Relay stops the stoker and 
furnace fan simultaneously. 

C. S400A Stoker Timer operates stoker to keep the fire alive during *’off" periods, during 
which the high cut-in switch in L40IB starts furnace blower independently should 
excessive bonnet temperatures develop. 

0. With manual switch on RI55A Relay in "Summer" position, room thermostat will not 
operate stoker, but does operate furnace fan on temperature rise. 

(a) Snap switch. Fig. 2, must be "off" in summer. 

WIRING 

A Connections to be made as shown (Fig. 2). 

6. TI09A Da*Nite Acratherm wiring same as TIIA. 

(a) For T105A Chronotherm wiring, see page 538. 


The sysfem described below is quife common, but femperafure oversboofmg 
is more likely to occur than in the RI55A system described on opposite side 
of this page. When the stoker has been shut down from the room thermostat, 
fhe furnace blower will continue to operate until the bonnet temperature has 
been reduced to a point where the L40IA Control will stop the blower. This 
system does not have the summer circulation feature. 

BLOWER CONTROLLED FROM PLENUM CHAMBER TEMPERATURES 
CONTROLS REQUIRED: Fig. 3 

1. TIIA Acratherm, TI09A Da-Nite Acratherm, on T105A Chronotherm. 

2. RI53A Timerelay. 

3. L40IA Combination Control combining both fan and high limit control function. 

SEQUENCE 

A TIIA Acratherm starts and stops stoker through 'RI53A Timerelay. 

B. Fan switch in L40IA Combination Control starts furnace blower whenever bonnet 
temperature reaches fan switch setting. 

C. If excessive bonnet temperature develops, limit switch in L40IA Combination Control 
stops the stoker. 

WIRING 

A All connections to be made as shown Fig. 3). 

B. TI09A Da-Nite Acratherm wiring same as TIIA. 

(a) For TI05A Chronotherm wiring, see page 538| 

C. Power supply for control system, stoker motor, and tan motor must be taken ofF same 
electrical circuit so there Is no possibility of stoker operating when fan operation i$ 
interrupted by an open circuit. 

L_ - 
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BIN FEED STOKER CONTROL SYSTEM 
for 

FORCED WARM AIR—HUMIDITY CONTROLS 


The Stokerswitch Holdfire Control Is the preferred stoker control to be 
in control systems for bin-feed stokers. The Stokerswitch offers three df 
features in one unit—Holdfire Control—High Temperature Cutoff— 
Shut-off. The Stokerswitch operates from temperature, usually being moi 
in the stack. It keeps the fire alive during periods when calls for heat fr^ 
thermostat are infrequent. It stops the stoker when the element temp^ 
reachs 800®, thus eliminating the possibility of installing the Stokers 
under conditions that would later permit excessive temperatures, ft shuts i 
the stoker if the fire is extinguished from any cause or whenever the ( ' 
temperature drops to 95®. 












M.M Xs l|,&. 
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SfolcerswUch may be used In controlling all stokers, but it is especially 
desirable with bin-feed stokers. The stoker is always shut down if the fire 
should ever go out, so that the firebox will not be filled with raw fuel. 

Under Stokerswitch control your stoker actually operates from stack tempera- 
hires and Because stack temperatures are a true indication of the fire condi¬ 
tion this arrangement logically provides for stoker operations just as often as. 
the condition of the fire requires. Oversbooting of room temperature from 
Holdfire Control operations is unlikely. 

Except for the added features of the Stokerswitch the sequence and operation 
of the system described and illustrated above is precisely the same as that 
illustrated on page 552, Figs. 1 and 2. 

The regulation of relative humidity is one of the essentials in a winter 
air conditioning system. Mechanical humidifiers can be controlled so that they 
will supply just the proper amount of moisture in the conditioned spade to pro¬ 
vide healthful and comfortable living conditions. Maintaining proper relative 
humidity makes possible lower temperatures without sacrificing comfort. 

The sensitive element in M-H Humidity Controls consists of multiple groups of 
human hair. Exhaustive research has proved that the hair element results in 
accuracy, permanence, and sensitivity to a very high degree. 

The H63A model is a very satisfactory unit to be applied where control of 
humidity alone is desired. The HI7A Humidity and Temperature Control is 
very unique in that it offers in one unit both a humidity control device and 
room thermostat. The temperature unit of the HI7A operates on the principle 

of Heat Acceleration so not 
only close control of humidi¬ 
fy but also splendid tempera¬ 
ture control is maintained. 

The Humidity Controls are 
regularly used to cause the 
opening or closing of sole¬ 
noid or motorized valves 
which in turn control the 
flow of water or steam to 
the humidifying equipment. 
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MODUFLOW 

RESET METHOD FOR FORCED HOT WATER SYSTEmI 
OIL-FIRED WITH DOMESTIC HOT WATER 


WI06A PANEL 


T92L 

thermostat! 



service 




L444A , 

aquastaI 



CIRCULATOR 

1 =^ 


CABLE - 
CONDUIT 
OR BX ^ 


OIL 

Burner 



diagrams cover the application ol ^ 
the Reset Method of Moduflow control to an existing oil fired j 
single-zone, forced hot water installation, including summer’ ' 
wnter domestic hot water. The Reset Method adjusts the; 
eat input to the heat replacement requremnts by varyinj| 
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r the temperature maintained in the radiators or convectors 
f according to the demand of the thermostat. Constant boiler 
I water temperature sufficient to provide domestic hot water 
; through an indirect heater as well as to meet the house heating 
requirements is maintained by an Aquastat. 


' ^ 


(W) (fi) 

LIWt\ CIWC 0^ 

0 0 



iiOV UNE 

r t — 


CIRCULATOR 

MOTOR 





SET 

HIGH 


HIGH 

UMIT 




-WiRING- 

— NEW HIGH VOLTAGE 
- NEW LOW VOLTAGE 

--- existing high voltage 

-EXISTING LOW VOLTAGE 

all WIRING MUST COMPLY WITH 
local ELECTRICAL ORDINANCES 


L-J 


I L;. 


RAII7A 


burner 

I MOTOR 


f The M904E motor in the Reset Panel, at command of the 
T92 modulating room thermostat, adjusts the temperature 
setting of the temperature controller in the panel, which 
. operates the circulator intermittently so as to maintain the 
,, desired temperature at the remote bulb located in or on a 
radiator or convector. 
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When the T92L thermostat is used, a selected degree|J 
night set-back, with automatic return to day temperature « 
^e morning, is provided at predetermined time settings of IM 
Da-Nite timer in the panel. The T92A thermostat may beuall 
II night set-back be not desired. ] 


HOW THIS SYSTEM OPERATES 

1. With the themostat satisfied, the Aquastat operates the oil burner 

mnmfoin _x__ ^ uuiiicr 


X tiie Aquastar operates the oil burner ta 

maintain constant boiler temperature under domestic hot water demand. 


2. On first onll fnr ViQQf XT_XT__ ,1 . 



or lower temperature. 



'■ Jnd "ii* 


.„d b,«,k. It in the Th, .rtMci.l h^.t TS S 

the effect of loworpH t>TorTv.r>ofox o^xx;_ gives 


the effect of lowered thermostat setting. 


SPECIFY THESE CONTROLS 


1. Moduflow Thermostat (T92L). Use T92A if night set-back be notdesired. 

2. Reset Panel (W106A). 

3. R^iator Well (Q168A). Available for r, 1^'. or tapping. Specify 

4. Aquastats (L444A) as required. 
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MODUFLOW 

RESET METHOD FOR FORCED HOT WATER SYSTEM 
OIL HRED 


e 


h 


■r 


d 

.e 

it 



^ Reset Method. — These diagrams cover the application of 
, the Reset Method of Moduflow control to an existing single- 
: zone, forced hot water installation without summer-winter 
y domestic hot water, using an oil burner with a Series 10 relay. 

The Reset Method adjusts the heat input to the heat replace- 
1 ment requirement by varying the temperature maintained in 
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the radiators or convectors according to the demand of the 
thermostat. 

The T92 modulating room thermostat signals to the M904 
motor in the panel for more or less heat. The motor adjusts 
the setting of the temperature controller, and through the end 
switches places the high or low Aquastat in command of the 


T92L 



burner. Whenever the thermostat is calling for heat, boiler 
water temperature is maintained by the proper Aquastat, and 
the temperature controller operates in circulator to maintain 
the necessary temperature at the remote bulb installed in or 
on a radiator or convector. 
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Use of the T92L thermostat, with the Da-Nite timer in the 
panel, provides a selected degree of night set-back, with auto¬ 
matic morning pickup. The T92A thermostat may be used if 
night set-back be not desired. 


HOW THIS SYSTEM OPERATES 

i 

1 1. On first call for heat from the thermostat, the motor makes the inner 
i (first stage) end switch to complete the circuits to the burner (through 
j the Aquastat) and to the circulator (through the switch of the tem- 
, perature controller). 

I 2. The burner operates to maintain boiler temperature at the low Aquastat 
setting, and the circulator operates intermittently to satisfy the bulk of 
I the temperature controller at the radiator or convector. 

! 3. As the heat requirement increases, the motor resets the temperature 
controller to maintain higher radiator or convector temperatures, and 
circulator operation increases. 

4. At about 75% open position, the motor closes the outer (high stage) 
end switch across the low Aquastat, and the burner begins to operate 
under control of the high Aquastat. 

5. As boiler water temperature rises, shorter circulator operations will 
satisfy the temperature controller; and the room temperature may rise 
sufficiently to cause a downward resetting of the controller to keep heat 
input balanced with heat loss. 

6. On decreased heat demand, the motor reduces the controller setting 
until, at about 25% of maximum, it opens the high stage end switch to 
restore control of the burner to the low Aquastat. 


SPECIFY THESE CONTROLS 

1. Modufiow Thermostat (T92L). Use T92A if night set-back be not desired. 
^ 2. Reset Panel (W106A). 

^ 3. Radiator Well (Q158A). Available for 1", IK", or IK" tapping. Specify 

size. 

: 4. Aquastats (L444A) as required. 
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MODUFLOW 

RESET METHOD FOR FORCED HOT WATER SYSTEM 
GAS FIRED SERIES 10 


CABLE 
CONDUIT 
OB BX 


T92L thermostat 



MANIFOLD 

OlAGf^AM 


Reset Method.—These diagrams cover the application oi 
the Reset Method of Moduflow control to an existing single 
zone forced hot water installation without summer-wintei 
domestic hot water, using a gas burner with a Series 10 valvei 
The Reset Method adjusts the heat input to the heat replao 
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ment requirements by varying the temperature maintained j 
in the radiators or convectors according to the demand of the | 
thermostat. 

The T92 modulating room thermostat signals to the M904 
motor in the panel for more or less heat. The motor adjusts the 
setting of the temperature controller, and through the end 



|witches, places the high or low Aquastat in command of the 
TOimer. Whenever the thermostat is calling for heat, boiler 
mter temperature is maintained by the proper Aquastat, and 
Be temperature controller operates the circulator to maintain 
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the necessary temperature at the remote bulb installed in i 
on a radiator or convector. 

Use of the T92L thermostat, with the Da-Nite timer in u. 
panel, provides a selected degree of night set-back, with autfrl 
matic morning pick-up. The T92A thermostat may be usejl 
if night set-back be not desired. 

HOW THIS SYSTEM OPERATES 

1. On first call for heat from the thermostat, the motor makes the inner 1 
(first stage) end switch to tomplete the circuits to the burner (througli 
the Aquastat) and to the circulator (through the switch of the tem-1 
perature controller. 

2. The burner operates to maintain boiler temperature at the low Aquastat 
setting, and the circulator operates intermittently to satisfy the bulb 
of the temperature controller at the radiator or convector. 

3. As the heat requirement increases, the motor resets the temperature 

controller to maintain higher radiator or convector temperatures, and] 
circulator operation increases; ’ * 

4. At about 75% open position, the motor closes the outer (high stage) ^ 

end switch across the low Aquastat, and the burner begins to operate! 
under control of the high Aquastat. ' 

5. As boiler water temperature rises, shorter circulator operations will 
satisfy the temperature controller; and the room temperature may rise 
sufficiently to cause a downward resetting of the controller to keep 
heat input balanced with heat loss. 

6. On decreased heat demand, the motor reduces the controller setting 
until, at about 25% of maximum, it opens the high stage end switch to 
restore control of the burner to the low Aquastat. 

SPECIFY THESE CONTROLS 

1. Moduflow Thermostat (T92L). Use T92A if night set-back be not desired, 

2. Reset Panel (W106A). 

3. Radiator Well (Q158A). Available for 1", IJ^", or tapping. Specify 
size. 

4. Aquastats (L444A) as required. 
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moduflow 

reset method for forced hot water system 

' GAS FIRED SERIES 80 


caile 

CWOUIT 

OA ex 


SERVICE 



manifold 


a.fR“Sh‘S'7t’'S of 

Reset Method adjusts the heat input to the heat replace- 
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ment requirement by varying the temperature maintained in' 
the radiators or convectors according to the demand of the 
thermostat. 

The T92 modulating room thermostat signals to the M9M 
motor in the panel for more or less heat. The motor adjusts 
the setting of the temperature controller, and through the end 



switches places the high or low Aquastat in command of the 
burner. Whenever the thermostat is calling for heat, boiler 
water temperature is maintained by the proper Aquastat, and 
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f the temperature controller‘operates the circulator to maintain 
j the necessary temperature at the remote bulb installed in or 
on a radiator or convector. 

Use of the T92L thermostat, with the Da-Nite timer in the 
panel, provides a selected degree of night set-back, with auto- 
matic morning pickup. The T92A thermostat may be used if 
night set-back be not desired. 

HOW THIS SYSTEM OPERATES 

1. On first call for heat from the thermostat, the motor makes the inner 

(fimt stage) end switch to complete the circuits to the burner (though 
tire cSuer)^” circulator (through the switch of the tempera- 

2. The burner operates to maintain boiler temnerature at the lew a „ . 

.nd th. .i,e.i.J„r opeett. bt.nSSy to Luly 

the temperature controller at the radiator or convector 

3. As the heat requirement increases, the motor resets the tee.ee- * 

controller to maintain higher radiator or convector temperatures ^a'nd 
circulator operation increases. ^^niperdiures, and 

4. At about 75% open position, the motor closes the oiitpr \ 

lnp„, bSSd Sh "“P '>»« 

SPECIFY THESE CONTROLS 

i “• 

’■ S:"*" ™' AvPlbbl. lo, r, uy,-, UA- tapping. Sp„|,y 

4. Acjuastats (Ij 444A) as required. 
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MODUFLOW 

VOLUME CONTROL METHOD 
FOR FORCED WARM AIR OIL-FIRED SYSTEM 

These diagrams cover the application of the volume controi 
method of Moduflow control to a single-zone forced warm airi 
installation using an oil burner. The volume control method! 
accommodates the rate of heat input to the heat replacement] 



requirements by modulating the volume of heated air con¬ 
stantly circulated to the rooms! In addition, to meet the wide 
range of demand between mild and severe weather, two levels 
of fiimace temperature are provided. 

The M904E motor, at command of the T92 modulating 
room thermostat, positions the Vol-U-Trol dampers in the - 
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return air duct according to heat demand. Through the Q52D 
end switch, it also selects the proper temperature level by 
placing the oil burner under command of the low-set or high-set 
limit switch as needed. 

When the T92L thermostat is used, a selected degree of 
lowered night temperature is provided, with automatic set-back 


MOOUFLOW thermostat 

IMPQWTAWT sec NOTt 


-WIRING- 

-NEW HIGH voltage 

-NEW LOW VOLTAGE 

---EXISTING HIGH VOLTAGE 
— - EXISTING LOW VOLTAGE 

ALL WIRING MUST COM- 
PLY WITH LOCAL ELECTRICAL 
ORDINANCES. 

COMBI NATJON 
CONTROL 


END SWITCH 



ilOV LINE 


and morning pickup at predetermined time settings of the 
Da-Night timer in the panel. The T92A thermostat is used if 
lowered night temperature be not desired. 

HOW THIS SYSTEM OPERATES; 

j 1. On first call for heat from the thermostat, the motor opens the Vol-U-Trol 
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dampers slightly and the end switch actuates the Protectorelay throuJ 
the low-set Airstat. ^ 

2. As the oil burner heats up the furnace, the fan switch in the combinatioifl 
control starts the blower, and the slightly opened dampers permit 
small portion of maximum air volume to circulate to the rooms. 

3. As heat loss increases, the motor compensates for it by opening the-^ 

dampers further to permit more air to circulate. < 

4. When the dampers are approximately 75% open, the end switch shortg ’ 
out the low-set Airstat, placing the burner at command of the high-set 
limit in the combination control to maintain higher furnace temperature, 

5. Soon the motor reduces the damper opening to keep heat input balanced 
with heat loss. Thus the system can meet further increase in heat loss ly 
again increasing air volume. 

6. When decreased heat demand permits reducing the damper opening to; 
approximately 25%, the end switch returns control of the burner to the' 
low Airstat. The motor may then open the dampers slightly to compen-i 
sate for the lowered air temperature. 

7. When further decrease in heat loss permits closing the dampers almost 
entirely, the end switch shuts down the burner, but the fan runs until 
the furnace cools to the “fan off’^ seeting of the combination control. 


SPECIFY THESE CONTROLS: 

1. Moduflow Thermostat (T92L). Use T92A if night set-back be not desired. 

2. Moduflow Motor (M904E). 

3. End Switch (Q62D). 

4. Da-Nite Panel (W107A). 

5. Bracket and Linkage (Q605C). 

6. Vol-U-Trol Dampers (Custom Built by others to Dealer’s Specifica-1 

tions.) ^ 

7. Combination Control (LA401A) as required* : 

8. Airstat (LA419B) as required. 

___J 
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MODUFLOW 

VOLUME CONTROL METHOD FOR 
FORCED WARM AIR SYSTEM GAS-FIRED—SERIES 10 VALVE 

These diagrams cover the application of the volume control 
method of Moduflow control to a single-zone forced warm air 
installation using a gas burner with Series 10 valve. The volume 
control method adjusts the heat input to heat replacement 



^ requirements by modulating the volume of heated air con- 
fc stantly circulated to the rooms. To meet the wide range of 
j&.demand between mild and extreme weather, two levels of 
B:Iumace temperature are provided. 
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The M904E motor, at command of the T92 modulatiti 
room thermostat, positions the Vol-U-Trol dampers in thi 
return air duct in accordance with heat demand. Through the ] 
Q52D end switch, it also selects the proper temperature levels 
by placing the gas burner under command of the low- or high-set ^ 
limit switch as needed. 


END SWITCH 


“WIRING - 

-NEW HIGH V0LTA6E' 

--NEW LOW VOLTAGE* 

— EXISTING HIGH VOLTAGE 
-EXISTING 1,0W VOLTAGE 




JJjJ; 1 TRANS 

1 ) 


-/ 0(1)] VI55A 

[i" 



---|oJ 


ALL WIRING MUSTCOMPLT 
WITH LOCAL electrical ORDI¬ 
NANCES 

NOTE A,IMPORTANT. 
CONNECT ®0F PANEL TO® ' 
OF MOTOR NEAREST(D,AN0 ^ 
CONNECT ® OF PANEL TO 
0OF MOTOR NEAREST® 

NOTE B: R-B CONTACT OPENS DAMPERS 


When the T92L thermostat is used, a selected degree o£-| 
lowered night temperature is provided, with automatic set-back"’ 
and pickup at predetermined time settings of the Da-Nite ^ 
timer in the panel. The T92A thermostat is used if loweredj 
night temperature be not desired. ^ 
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HOW THIS SYSTEM OPERATES: 

1. On first call for heat from the thermostat, the motor opens the Vol-U-Trol 
loTsTAStaf " ""1- thrlgh the 

font57st?rts Th?tf ® the furnace the fan switch in the combination 

smafi norH«T f ^ ^ dampers permit a 

small portion of maximum air volume to circulate to the rooms. 

3. As heat loss increases, the motor compensates for it by opening the 
dampers further to permit more air to circulate. ^ 

STbe^lowt^t^r f! «PP'-°^™ate>y 75% open, the end switch shorts 
limiHn the burner at command of the high-set 

limit in the combination control to maintain higher furnace temperature. 

^rh damper opening to keep heat input balanced 

with heat loss. Thus the system can meet further increase in heat loss bv 
again increasing air volume. 

6. When decreased ^at demand permits reducing the damper opening to 

irS'Sft It: “‘S'’ <■' a* i>«™” s 

f then open the dampers slightly to com- 

. pensate for the lowered air temperature. 

! 

I 7. When further decrease in heat loss permits closing the dampers almost 
' theff ®"tl switch shuts down the burner, but the fan runs until 

I the furnace cools to the “fan off” setting of the combination control 

) SPECIFY THESE CONTROLS: 

1. Moduflow Thermostat (T92L). Use T92A if night set-back is not desired. 

2. Moduflow Motor (M904E). 

3. End Switch (Q52D). 

4. Da-Nite Panel (W107A). 

5. Bracket and Linkage (Q605C). 

6. Vol-U-Trol Dampers (Custom Built by Others to Dealer’s Specifications.) 

7. Combination Control (LAIOIA) as required. 

;8. Airstat (LA419B) as required. 
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MODUFLOW—VOLUME CONTROL METHOD FOR FORCED! 
WARM AIR SYSTEM USING GAS BURNER-SERIES 80 VALVE I 

These diagrams cover the application of the volume control 1 
method of Moduflow control to a single-zone forced warm air i 
installation using a gas burner with a Series 80 valve. The ] 
volume control method adjusts the heat input to the heat re- ] 
MODUFLOW 1 



placement demand by modulating the volume of heated air J 
constantly circulated to the rooms. To meet the wide range 1 
of demand between mild and extreme weather, two levels of ^ 
discharge air temperature are provided. J| 
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The M904E motor, at command of the T92 modulating 
room thermostat, positions the Vol-U-Trol dampers in the 
return air duct in accordance with heat demand. Through i 
the Q52D end switch, it also selects the proper temperature 


MO DU FLOW 



level by placing the gas burner under control of the low- or 
high-set limit switch as needed. 

When the T92L thermostat is used, a selected degree of 
lowered night temperature is provided, with automatic set-back 
and pickup at predetermined time settings of the Da-Nite 
: timer in the panel. The T92A thermostat may be used if 
j: lowered night temperature be not desired. 

L_ 
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HOW THIS SYSTEM OPERATES: 1 

1. On first call for heat from the thermostat, the motor opens the Vol-U-Twl] 

dampers slightly and the end switch energizes the gas valve through ttel 
low-set Airstat. 1 

2. As the gas burner heats up the furnace, the fan switch in the combinatitt] 
control starts the blower and the slightly opened dampers permit %' 
small portion of maximum air volume to circulate to the rooms. ' 

3. As heat loss increases, the motor compensates for it by opening the dam¬ 
pers further to permit more air to circulate. 

4. When the dampers are approximately 75% open, the end switch shorts 
out the low-set Airstat, placing the burner at command of the high-set 
linajt in the combination control to maintain higher furnace temperature. 

5. Soon the motor reduces the damper opening to keep heat input balanced 
with heat loss. Thus the system can meet further increase in heat loss 
by again increasing air volume. 

6. When decreased heat demand permits reducing the damper opening to 
approximately 25%, the end switch returns control of the burner to the 
low-set Airstat. The motor may then open the dampers slightly to com¬ 
pensate for the lowered air temperature. 

7. When further decrease in heat loss permits closing the dampers almost 
entirely, the end switch shuts down the burner, but the fan runs until 
the furnace cools to the fan off’* setting of the combination control. 


SPECIFY THESE CONTROLS: 

1. Moduflow Thermostat (T92L). Use T92A if night set-back is not desired. 

2. Moduflow Motor (M904E). 

3. End Switch (Q52D). 

4. Da-Nite Panel (W107A). 

5. Bracket and Linkage (Q605C). 

6. Vol-U-Trol Dampers (Custom Built by Others to Dealer’s Specifications). 

7. Combination Control (LA401A) as required. 

8. Airstat (LA419B) as required. 
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CHAPTER 34 

Installation 


In the installation of an oil burner outfit, the following out¬ 
line is a step by step procedure for the work to be done: 

1. Pipe fitter — tank and pipe work. 

2. Electrician — electrical work and start burner. 

3. Helper—unpack oil burner, prepare heating plant, 
build combustion chamber and clean up. 

For efficiency all three should operate simultaneously so that the three 
phases of the work will be completed in about the same time. However, 
with the usual plumber’s technique when the men arrive on the job the 
helper will be sent back to the shop for tools, etc., to ring up an extra 
half hour while the other mechanics light up pipes and cigarettes—and 
*‘rest”. This happens on some jobs paid for by the hour but does not 
happen on contract jobs. 

Ones. How about the pipe fitting? 

Ans. This is an important job and should be done right— 
not slip shod fashion as practiced by some alleged fitters. 

In the first place A.l. sharp dies should be used—not the usual worn 
out variety. In cutting the threads, lubrication should be plentiful with 
cutting oil to assure tight joints. 

Oues. Before making up, what should be done? 
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Ans. The pipes should be thoroughly reamed and the cut 
threads thoroughly cleaned with a stiff tooth brush or wire 
brush. 


The practice of not reaming the pipes should not be tolerated on first 
a^ jobs specially in a heating system where the pressure diiferentisl 
which provides the motive force to cause circulation is so small 


0«es. 

joints? 


What precaution should be taken in making up oil 


Ans. Never use white or red lead but proper oil proof joint 
compound. 




Owes. How is the compound applied? 

Ans. Apply the joint compound to the Tnale threads only. 


Never apply the join^t compound to female threads. Carefully wipe the 
male threads so that they are perfectly clean and apply compound with 
a s^ll brush or putty knife so that it fills the first 3 or 4 thSs com¬ 
pletely. Wipe off surplus at end of pipe or fitting. 


Oues. What kind of joint compound is used on piping 
other than the oil lines? 

Ans. The author’s practice is to use a compound made up 
of half red lead pigment and half flaked graphite mixed with 
mseed oil, using no dryer if the line might at some future time 
have to be taken down. 


Ques, What kind of valves are ordinarily used? 
Ans. Gate valves. 


Two valves shaU be ^ on each installation, one at the tenk‘Ld^the othe? at k 

Generally a fused valve is used at the burner and the anirW LtivTcr „ ^ i * burner, 

link, IS used at the outlet of the basement tank or at ?he ^ ^ fusible 

manufacturer’s installation instrucOons whS. ’insteflinv ThiL . outside tank. FoUow 
authorities will inform you just what type of valve*thcy demS valves. The local 
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f If a globe or needle valve be used on oil lines, it should have a metal 
r to metal seat, and stuffing box of liberal size to prevent oil and air leaks 
around the valve stem. 

f 

Owes. What kind of unions must be used? 

I Ans. Ground joint metal to metal with brass seat. 

On oil lines r. and 1. couplings are not permissible. 

i Oues. How should an anti-hum valve be installed? 

. Ans. As per manufacturer’s instructions. 

f Oues. What is the proper method of fitting with respect to 
hex or square fittings. 

Ans. Use proper wrenches. 


Only a greenhorn or “don’t care” will use a Stillson wrench on a hex 
or square fitting. 


Fill and Vent Pipes.—Black steel pipe and malleable fit¬ 
tings are best suited for this work, unless galvanized is specified 
by the local authorities. 

Use 2 in. for fill pipe ) Unless larger size be required 
I'M ** vent pipet by local ordinance. 


It is important that the fill pipe be connected to one opening, 
pd the vent pipe to a separate opening in the tank. 

No cross connection or vent pipe is permitted with the fill 
lipe or'the return line from the burner. 

Some authorities demand double swing joint connections at 
ink. 

, For additional information on tanks and piping see Chapter 10 “Fuel 
i Oil Tanks and Piping" in the author’s Oil Burner Guide. 
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Unpacking the Oil Burner.—This work is to be done by 
the helper. 


Owes. What is the first thing to do? 

Ans. Inspect outside of package for rough handling. 


Unpack immediately and check parts received against shipping list in 
crates. Report shortage to vendor. The controls, except the stack relay 
are in a separate package. If damage be found enter claim at once to 
transportation company. 


Owes. How do conversion burners usually come? 

Ans, They are bolted to the bottom of the crate. 

Remove nipples and save them for adjusting burner level as required. 

Oues. On a conversion job what should be done on arrival? 
Ans. In the winter time, remove the fire and hot ashes from 
the boiler, furnace or winter air conditioner to permit the 
heating unit to cool off. 


General Data Relating to Smoke Pipe.—The smoke pipe 
shall not pass through any combustible partition. There shall 
be a minimum 18-inch clearance between smoke pipe or breech¬ 
ing pipe or breeching is protected with not less than one inch 
asbestos or equivalent insulation, or the combustible wall 
or partition is protected by sheet metal or equivalent covering 
at least one inch from the surface to be protected; that is, a 
|»e inch air space shall be provided. This shall extend the full 
|mgth of the smoke pipe and not less than 12 inches beyond 
Kon both sides. 

I Owes. How about chimney size? 
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Ans. It must be of proper size to satisfactorily remove tl 
products of combustion. 

■on 


0«es. How do you determine the correct size and height 
chimney required? 

Ans. Consult manufacturer’s specifications for the par¬ 
ticular heating unit to be fired. 



As a rough guide, a chimney should have an area at least 25% in excess 
of the area of the smoke collar on the heating unit. 

Oues. What is the most effective chimney? 

Ans, Round tile chimneys. 


Installation of Oil Burner. — If the burner be connected 
to fuel tank with the inlet oil line only, do not alter fuel unit 
If burner be connected to fuel tank with inlet and return oil 
lines, plug must be inserted into fuel unit. Plug and instructions 
are tied to fuel unit. 


A 

he 

eve 

ltdj 

boil 


tl 


Ones. How is the burner leveled? 

Ans. Screw the four pipe nipples into the threaded holes 
in the burner base. These pipe nipples provide a means of 
leveling the burner. Lock nuts are furnished to hold nippies 
securely in position. The nipples as furnished permit approx¬ 
imately a two inch adjustment in the height of the burner, 
which brings the nozzle at proper height above the floor. 

If ^is be not sufficient, build a small concrete pedestal beneath burner 
The burrier can be anchored to the floor by running lag screws through 
nipples. If desired, nipples can be cut off above lock nut 


( 

toe 
/- 
of 1 
the 
tha 


Oues. How is the draught tube installed? 
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Ans. The draught tube is installed through brickwork in the 
front wall of the combustion chamber. 

The sleeve should be flush with the inner wall and pitch slightly down¬ 
ward, about half a bubble on a spirit level. Be sure the sleeve is exactly 
midway between the side walls of the chamber. Exact height is given in 
manufacturer s table for the particular burner being installed. 

Oues. What next should be done? 

Ans. Cement the sleeve in place with wet asbestos. 

Shde the burner through the sleeve until the extreme end of the tur- 
bulator projects about in. beyond the inside of the brick work. 

Oues. Describe the levelling operations? 

Ans. Place a small level on the motor housing, and adjust 
,e4 the nipples until the burner is level sidewise. Next place the 
at. level on the draught tube or a smooth surface on the base, 
oilj Adjust nipples until the burner pitches down toward the 
jnsjboiler about one-half bubble on the level. 

Re-check side level. Tighten the lock nuts on the nipples. The draught 
tube should be centered within the sleeve and in line with the center line 
of combustion chamber. 
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Oues. What is the reason for tipping the burner forward 
and having its end project slightly beyond the brickwork? 

Ans. It is to allow any drops of oil which may form at end 
of the nozzle to drip into the combustion chamber and burn, if 
the cut-off valve should become dirty or defective, rather 
than seep through the asbestos packing and front brick wall. 

This would result in pungent odors and smoke appearing in the base- 
raent whenever the brickwork became heated. 


Ones. What filling should be placed between the draught 
the and the draught tube sleeve? 
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Ans. Fill this space with asbestos rope or moist asbestos. 

Oues. How is the ash pit door opening made tight? 

Ans. Finish the ash pit door opening with asbestos cement 
to which a handful of Portland cement has been added. Trowel 
the surface smooth and flush with the outside casting. Let 
diy and paint. 

Installation of Oil Burner to Hot Air Furnaces.—The 
Arcoflame oil burner is here selected to illustrate installation 
procedure. The following are the manufacturer’s instructions: 

1. Burner Model C-2 (with a long draught-tube) should be used on the 
average furnace. 

2. Burner Models C-3 or L-3 (with extra long draught-tube) are applicable 
to the larger sized furnaces where the ashpit throat is too long for 
Model C-2. 

3. Before a burner is installed in a furnace, it is imperative that the 
jacket be removed, the joints re-sealed, and a smoke test then be ap¬ 
plied to ascertain that there are no further leaks. Do not overlook 
sealing the cleanout doors and frames, smokepipe connections, old 
damper holes, etc., especially on forced circulation jobs. 

4. If a blower be added to a gravity job, it is advisable to insert shields 
or baffles between the heater and jacket. The data ofi this subject may 
best be obtained from the manufacturer of the particular furnace used. 

5. Special care must be taken in the construction of the combustion 
chamber, see page 457. 

6. The firing rate or nozzle size may be figured as per example, page 53, 

; Author’s Oil Burner Guide. 

f. 7. The combustion chamber size should then be chosen from same 
[ sample. Table 3, Page 23 for the particular nozzle required. 

I 8. It is of utmost importance to insulate the combustion chamber properly 
from the base of the furnace. This is especially true on a gravity system. 
Soft insulating fire brick are highly recommended. 









586 


Installation 


9. If the insulation cannot be applied within the ashpit, while thJ 
mg or jacket is removed, insulate the outside of the ashpit withi 
cell-o-cell or magnesia blocks. The minimum thickness of this ! 

the height a few inches AB0\'E1 
TOP OP THE COLD AIR RETURN OPENING. 

10. Where the return air is brought in through a tunnel under a metall 

or plate, thoroughly insulate the whole ashpit floor before buildirat 
combustion chamber. ^ 

11. The reason for the careful insulation of the ashpit is to prevent# 
heating of the air at the return inlet, which would expand the aiti 
cause It to back-circulate, retarding flow through the furnace, resull 
in poor heating and high oil consumption. 

12. Avoid metal-to-metal contact between burner, blower — if one be use 

nr prevent telegraphing any mechanical no 

or vibrations to the living rooms. 

13. Flue gas passages should be baffled in the average cast iron furnace i 

excessive firing rates should be avoided to keep the stack temperat 
as low as possible. ^ 

14. Use of all outside cold air returns or basement air for recirculat 
should be discouraged with automatic firing. Ample cold air reti 
irom the living quarters are requisite for proper heating 
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CHAPTER 35 


Pipe Sizes 

Miscellaneous Rules.—There are any number of so called 
“rules” for quick and approximate calculation and they should 
be considered only as such in using them. 

Size of Mains.—The steam mains can be determined by 
taking the total amount of direct radiation to which add 25 
per cent for piping, and from this total extract the square root, 
dividing same by 10, which gives the size of main to use. This 
is for one pipe work. For two pipe work, one size less is suf¬ 
ficient, and the return can be one or two sizes less than the 
supply. A steam main should not decrease in size according 
to the area of its branches, but very much slower. 

Hot Air Pipes.—In hot air furnace heating, the size of hot 
air pipe required for any room depends much on conditions, 
that is, construction of building, exposure, wall and glass sur¬ 
face, length of hot air pipe, elevation of same, etc. 

One manufacturer of hot air furnaces gives the following rule 
for finding the size of pipe to heat any room: 

Rule.—The pipe must contain as much cross sectional area in sq. ins. 

as there are square feet of glass surface plus 5 per cent of outside wall surface 

plus 1 per cent of volume of room. 


Example . — What size hot air pipe is required for a room 10 feet wide, 
12 feet long, 9 feet high, with two sides exposed and having three windows 
2 feet 6 inches wide and 6 feet high: 










588 


Pipe Sizes 


Glass surface 2 X 6 X 3 equals. 

Wall surface 10 X9 equals . 90 sq. ft. 

Wall surface 12 X9 equals . 108 “ “ 

198 

L «88 glass surface. 45 

, 153 

Volume of room 10X12X9 equals. 

Allow one square inch for each foot of glass surface. . . =45 sq. ins. 

6 per cent of exposed wall surface. = 153 X .05 = 7.65 “ “ 

1 per cent of volume.1080 X .01 =10.8 “ “ 

. 63.45 sq. ins. 


45 sq.fu l 


153 sq. ft 
1,080 cu. a 


The size of pipe for above room must contain 63 square inches, therefoi 
use a ^ mch round pipe. 

For second story rooms use same rule and deduct 15 per cent fromp 
capacity 

For rooms necessitating long runs of pipe always figure a pipe oneiiw 
larger in diameter. 


To Find Size of Hot Air Furnace.—The capacity of hot. 
air furnaces is rated in terms of maximiim (cross sectional) 
area of piping in inches which furnace will supply. Accordingly] 
to find the size furnace required to heat a residence use the rulej 
just given for finding the different sizes of pipes necessary to^ 
heat the rooms and the sum of the area of these pipes will 
determine the size furnace required. 


Example.—A house having nine rooms requiring the following size 
pipes: 

.234 “ “ 

« .. . 126“ “ 

2 — 8 - . 100 “ “ 

Total capacity of pipes.686 “ “ “ 


This house would require a furnace having a pipe capacity of at least 
686 square inches; use the furnace nearest to this in greater capacity,jay 
700 square inches. 
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i<>f^ of <i>rect radiation add to it .25 per cent or 

fTi*® square root of this is 25, whicih di^nded by 10 
of the pipe. For handy, reference and practical use 
fOT4^nJ»”^ ^ not not exactly in accord with the 


Radiation 
125 square feet 

250 « " 

400 “ « 

650 *“ " 

900 “ « 

1,250 “ " 

1,600 " « 

2,050 “ “ 

2.500 “ « 

3,600 “ « 

5,000 

6.500 

8,100 


a 

a 


Size of Steam Mains 

One-pipe work 
1inch 
2 « 

2H « 

3 « 

W2 “ 

4 « 

4H « 

5 « 

6 « 

7 “ 

8 « 

9 ^ 

10 “ 


Sizes of Hot Water Mains 


Two-pipe work 
IMXl inch 

2 XIM " 

2J^X2 « 

3 X2J^ « 
3JiX3 « 

4 X3J^ « 
4JiX4 « 

6 X4J^ « 

6 X5 

7 X6 

8 X6 

9 ;<6 


4 

a 

« 

H 


Radiation 


76 to 125 square feet 

1X2 

2 

125 “ 175 

U 

a 

175 “ 300 

a 

a 

300 " 475 

a 

a 

3 

475 “ 700 

u 

a 

700 “ 050 

u 

a 

SH 

4 

950 “ 1,200 

a 

a 

1,200 “ 1,575 

u 

a 

4J4 

5 

1,575 “ 1,975 

u 

It 

1,975 “2,375 

it 

« 

6K 

6 

2,375 “2,850 

a 

a 


In hot water, flow mains may be reduced in size in proportion to the 
branches taken o^. They should, however, have as large area as the sum 
tf all branches beyond that point. It is advisable tLt the horizontal 
taches be one size larger than the risers. Returns should be as 


• NOTE—As recommended by the William Page Boiler Co., New York, 
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Table of Mains and Branches 


1 in. 
IMin. 
Iji in. 

2 in. 
2}^ in. 

3 in. 
3J^ in. 

4 in. 
4J^ in. 

5 in. 

6 in. 

7 in. 

8 in. 


Main 

TwU supply 


2 
...2 
...2 
..2 


Branch 


“ ...2, IJ^in. andl, IJ^in., or 1,2 

...1, 2J^in. and 1, 2 in., or 2,2 
“ ...2, 23^in. or 1,3 in., and 1,2 

...1, 33/^in. and 1, 23^in., or 2,3 
...1, 33^in. and 1, 3 in., or 1,4 
.. .1, 4 in. and 1,3* 

.. .2, 4 in. and 1, 3 
*..l, 6 in. and 1, 4 
...2, 6 in. and 1, 5 


.1 ia,] 

. 

.. mk] 

in. and l, 13 ii 

in. and 1, 

in. or 3,2 in 
in. and 4, 2 in 

in. and 1, 2^k 

in., or l,4J^in. and l,23iin, 
in., or 4,3 in. or 10,2 in. 
in., or 3,4 in. and 1,2 in 

in., or 5,4 in, $ind 2i2 in 



WIDTH OF ROOM 
ZZ 21 20 19 IS 17 16 15 14 13 12 II 10 9 8 



o * 1 *. pipe; isna noor » in. basement riser; B. 1st floor 9 in. 

^ement pipe; 2nd ^r 8 in. ba^ment riser; C, 1st floor 10 in. basement 

floor 9 in. riser; D* 1st floor 12 in. basement pipe:2Dd 

E* 1st floor 14 in. basement pipe; 2nd floor 12m. W* 
® 1^ hi width assumed to have not (W 

10 ft. ceilings. Rooms 15 to 22 ft, wide not over 12 ft ceilings. 
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CHAPTER 36 

Fall Cleaning 


In the fall there are numerous annoyances which must be 
put up with such as taking down screens, putting up storm 
sash and weather strips, by people who insist on shutting 
out every particle of fresh health giving air and making the 
inside of the house disgustingly hot*—and that with the least 
expenditure of fuel! The energy thus used could far better be 
applied to putting the entire heating system in the best pos¬ 
sible condition at the beginning of the heating season. This 
involves attention to: 

1. Chimney. 

2. Boiler. 

3. Piping. 

4. Valves. 

5. Guages, etc. 



Cleaning the Chimney. - 
base of the chimney. 


-The first operation is to clean 


yyrE.— The author advisedly resorts to this forceful thermal rating to rivet the 
■w 8 attention on this item as most of them do keep their houses disgustingly hot dur- 
weather, 75®, 80° and even 85° Fahr. and with absolutely no fresh air Pretty 
«* on normal visitors, but nothing can be done about it. 
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Oues. How is its condition determined? 

Ans. With a mirror at the base of the chimney and tilted 
a suitable angle, determine if chimney be clear. This of coi 
is only practical with straight or slightly offset chimney 


Should you find the chimney loaded with soot or containine 
obstruction, arrange with the owner to have it cleared. 


Ones. How about leaks? 




Ans. If chimney be found to be leaky or defective, 
owner correct trouble. 



Oues. How about the space in chimney below smoke pipe ? 
opening? i u 

Ans. Fill it with sand. ■ f 


Cleaning and Conditioning the Boiler.—This is the most 
important item in cleaning the heating system. 
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The boiler should be cleaned: 

1. Internally, and 

2. Externally. 

and moreover all air leaks should be made tight by approved 
methods. 

Internal Cleaning.—For the ordinary domestic plant assum¬ 
ing City water pressure to be adequate, wait till boiler is cold. 
Open bottom blow off valve. With radiator valves closed, open 
wide City water supply and thoroughly flush boiler of all 
dirty (rusty) water till glass shows pure water. 

Shut off supply and blow off valves. Mix up about 5 lbs. of soda and 
put the solution in boiler with water level at the 2nd gauge. 

Shut off radiator valves and turn on burner and let the pressure rise 
to two or three lbs. 

Let the solution circulate for some time then turn off burner and after 
the boiler has cooled sufficiently open the blow-off valve and flush out 
all the soda solution by opening the City supply water valve. 

Flush out thoroughly and when water guage shows clear water, then 
close both valves. 

Ques. On completion of this operation, how much water 
should be in the boiler? 

Ans. Although they say have the water level to the 2nd 
gauge cock, the author believes that on account of the ridic¬ 
ulously small amount of heating surface provided in some 
types of cast iron boilers, as much of this surface as possible 
should be covered with water. 

Accordingly, admit water to near top of the glass when cold and even 
(due to expansion) if it fill the glass when heated, don’t be alarmed as 
long as the system operates normally as by submerging more of the 
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ridiculously small heating surface you are absorbing more heat from 
fuel which otherwise would go up the chimney* 

Oues. How do you clean a boiler externally? 

Ans, Proceed as follows: 

1. Remove ash pit door, its frame if necessary, and the grates. Remo^ 
lugs or projections which may be in the way, if they can be read&i 
dismantled. 

2. Clean soot, ash and scale from flue passes, fire pot walls and crown sheet 
This is very important. Soot and scale act as insulators, retarding hwt 
flow from the flame to the heating medium. A vacuum cleaner and goed 
wire brushes should be used. 

3. Clean out ash pit thoroughly. 

Oues. After cleaning the heating surface what should be 
done? 

Ans. 1. See that fire and clean out doors seal tightly. Fib 
to fit, adjust hinges or replace warped doors if necessary;^ 
pack slightly moistened asbestos between doors and baffle 
plates to reduce heat loss; 3, grout heating unit base witt 
Portland cement mixture; 4, seal all air leaks at boiler base, 
especially between the base and water legs; also door frames^ 
to reduce infiltration of air to a minimum; 5, with an extensira 
light in heating units, inspect joints between sections. Seal all 
gaps to eliminate any short circuiting of flue gases within the 
unit. This is extremely important. 


Smoke Pipe Between Furnace and Chimney.—This is 
a dirty job at best. Why not throw out the old pipe and re¬ 
place with a new one? 


*NOTE.—The author who has a no good type of cast iron boUer in his residena kl 
experimenting on t^s very thing. Without any laboratory tests he is of the opinion 
submerging more of the ridiculously small heating surface while it does not reduce^' 
time reqmred to generate steam, more heat is absorbed by the water which with low 
level would go up the chimney. 


Fig* 















Fall Cleaning 


595 


When you consider the terrific stack temperature given out 
by the ordinary cast iron boiler on an oil conversion job, you 
can well examine the stack and see if it will stand another 
season of such thermal abuse! 

If the stack be weak or perforated it should be replaced before the 
heating season begins. 


STACK 


BURNT OUT 

perforations 

BY 


EXCESSIVE 
HEAT 


•yA-' 


ren 





500T AND 
ASHES 


2~The dirty job of cleaning a stack. 


that 

tl 

atei 


Oues. What should be noted about replacing smoke stack? 
Ans. In replacing stack make run as direct as possible, 
:hing well up toward chimney. Use 45° ells. Two 45° ells 
lapreferred to one 90° ell. Seal all smoke pipe joints and con- 


blM itcl 
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nections at heating unit and chimney. Mount primary controj 
in position. 

Owes. In mounting the primary control, what is the imi 
portant point? 

Ans. It should be in a level position. 

Ques. After the installation, what should be done? 

Ans. Collect and clean up tools. Gather all loose materials. 

Sprinkle floor with water and sweep up carefully. Dust off heating 
unit and pipes. If the heating unit be old, paint ash pit casting, doors, 
frames, etc., with black paint. Paint the asbestos covering of the boiler 
with white water paint. This will give the heating unit an attractiw 
appearance for a slight additional cost. . 

Piping.—This subject has been so thoroughly covered ii 
various Chapters that any extension here would be onlj 
repetition. See the various Chapters. 

Valves.—It is not the purpose here to describe various 
classes of valves, which have been presented at considerable 
length, but to remind the mechanic that timely servicing is 
necessary to get the best results. For instance, nearly all: 
types of valves for proper operation should seat tightly andi 
accordingly regrinding is periodically necessary to avoid; 
leakage and resulting faulty operation. 

How to Clean out the Mains.—If no provision has he&ii 
made in piping the boiler for blowing out the mains, and 
most cases no provision has been made, the pipe connection! 
necessary are shown in fig. 3* 1 

-— I 

*NOTE.—^uch jobs are so easy to do if you have pipe fitting tools and know soaiethQ||i 
about pipe fitting. Sending for a plumber for a job such as shown in fig. 3 would probaM(|f«iK 
cost as much or more than the price of fittings and pipe tools required. 
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In the first place there should be an equalizer connection as 
shown, to steady water level where trouble is had with water 
leaving boiler via return main—install a Hartford connection. 

Ones. How is the hook up set for normal operation? 

Ans. With proper amount of water in the boiler (which 
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should be admitted through valve C, fig. 3, when boiler is 
cold) close C,—A and B, being normally open. The faucet 
course being closed. 


Ques. Explain how to clean out the mains. 

Ans. This should be done when the boiler is being cleaned 
internally with the soda solution. Proceed as follows: 



1. Close all radiator valves. 

2. Mix up soda solution about 5 lbs. in a pail of water. Remove plug % 
insert funnel and pour the solution into the boiler as in fig. 4. 

3. Replace plug in E and close valves A, and B. 
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^ 4. Get up steam to several pounds pressure and after the solution has been 
OTCulating m the boiler for some time, attach hose to faucet D, and 
thoroughly blow out the mains by opening faucet D. 

5. Wait till boiler has become cold. Thoroughly flush out the entire system 
boiler and mams. 



WATER 
jtOOTLHT -■ 


MIXING CHAMBER 


THERMAL ELEMENT 


A0JUSTMEN1 


^WATER 
S^ET- , 


CCLn water 
■NLET 


BAFFLE TO INSURE 
THOROUCSM MIXING 


ihLhl r«Soi 1 a thermostatic element located in a mixing chamber which enables 
hi ^Id valvt‘T£““‘hT‘® te'PPe'-^tve chanL by o^nSiTor ctoriS 

s^3Ssisrr#MS 


Owes. What should be done before operating the boiler? 

^ Ans. Drain out some of the water in amount till it shows at 
i proper level in the water gauge. 


In most c^es the boiler is below ground level and the water will not 
^ ^ain though the house. This makes it necessary to drain water through 
: faucet D, into a pail and dump it outside. To avoid this, start burner, 
t steam pressure and blow out the excess water through the hose 

I for best results keep water clean in boiler by frequent flushing. 

^ _ 
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Oues. In flushing what precaution should be taken. 

Ans. Don't turn on cold water into a hot boiler. 

Observations on Vacuum Systems.—In order to get i 
maintain a good vacuum the entire system should be air 
The radiator valves on a first class job will be of the so call#] 
^^packless" type and in most cases can be depended upon to ■ 
remain tight. 

In installation, the vacuum type air valves should be carefully ati 
tached so that there be no leaky joints. A frequent source of trouli 
with vacuum systems is leaks at the glass water gauge. To test, obsen 
the gauge when the system is under vacuum. 

If bubbles be seen rising in the glass gauge there is an air leak. 

If the stuffing box do not stop the leak, replace glass tube anlj 
packing with new tube and packing. In installing the tube, don’t over] 
tighten the packing. ’ 
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CHAPTER 37 

Hand Firing 


at-l 

iilej 

i ve About as much fuel is wasted due to improper hand firing 
jas is wasted with too little heating surface. Accordingly the 
^ ffiwner-fireman should give this subject considerable attention 
avoid waste of fuel. Instructions are here given for firing with: 

‘ 1. Anthracite coal. 

‘ 2. Bituminous coal. 

3. Semi-bituminous. 

I 4. Coke. 


Draught Requirements.—The amount of draught re 
^ired for proper combustion depends upon numerous con- 
Ktions, such as: 

! 1. Kind and size of fuel, 

2. Grate area. 

3. Thickness of fuel bed. 

> 4. Resistance offered by the boiler passes to the flow of the 
i gases. 

f 

Ques. What is the effect of insufficient draught? 

Ans. It necessitates additional attention to the fire including 
Bore frequent cleaning. 
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Owes. What is the usual cause of insufficient draught?] 
Ans. The condition of the ash pit when the owner can 
put off taking up ashes any longer. See fig. 1.* 






























Coal Hand Firing 


603 


r 


Selecting the Proper Size of Anthracite Goal.—This 
coal comes in various sizes known as: 



3. Stove. 

4. Chestnut. 


2. Egg. 


etc. 


Oues. Upon what does proper selection depend? 

Ans. Upon the size of grate and fire pot. 

Egg coal suitable for grates 24 ins. and over; fuel bed 16 ins. deep. 
Stove coal suitable for grates 16 ins. and over; fuel bed 12 ins. deep. 
Chestnut coal suitable for grates 20 ins. and over; fuel bed 10 to 15 
ins. deep. 

Pea coal with careful firing can be burned on standard grates. 

Ques. How should egg coal be fired? 

Ans. For best results it should be fired deeply. 

Ques. What is the application of stove coal? 

Ans. It is a size very extensively used in heating buildings. 


Ques. In firing pea coal what precaution should be taken? 

Ans. Care should be taken not to over-shake the grates; 
shake only until the first bright coals begin to fall through the 
grates. 

Ques. After a new pea coal fire has been built, what further 
attention should be given to the fire? 

Ans. The thickness of fuel bed should be increased by the 
addition of small charges until it is at least level with the sill 
of the fire door. 
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Ques. Describe a satisfactory method of firing pea coal. 
Ans. It consists of drawing the red coals toward the front 
end and piling fresh fuel toward the back of the fire box, 

Oues. What should be noted about pea coal? 

Ans. It requires a strong draught. 

Oues. For best results how should the draught be regulated 
with pea coal? 

Ans. Keep choke damper open and regulate by means of the 
cold air check and air inlet dampers. See figs. 2 and 3. 

Oues. How about buckwheat size coal? 

Ans. For best results it requires more attention than pea 
sized coal and in addition the smaller size of the fuel makes it 
more difficult to bank on ordinary grates. 

Greater care should be taken in shaking the grates than with the pea 
coal on account of the danger of the fuel falling through the grates. 

In house heating furnaces the coal should be fired lightly and more 
frequently than pea coal. When banking a buckwheat coal fire it is 
advisable after coaling to expose a small spot of hot fire by putting a 
straight poker down through the bed of fresh coal. This will serve to 
ignite the gas that will be distilled from the fresh coal and prevent 
delayed ignition within the fire-pot, which in some cases, depending upon 
the thickness of the bed of fresh coal, is severe enough to blow open the 
doors and dampers of the furnace. 

Where frequent attention can be given and care exercised in man¬ 
ipulation of the grates this fuel can be burned satisfactorily without the 
aid of any special equipment. 

Oues. In general what is the most satisfactory technique 
with buckwheat coal? 

Ans. To maintain a uniform heat output and consequently 
to keep the system warm all the time, rather than to allow the 
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system to cool off at times and then to attempt to bum 
fuel at a high rate while warming up. A uniform low fire will 
minimize the clinker formation and keep the clinker in ani 
easily broken up condition so that it readily can be shakeni 
through the grate. 

Ones. How about forced draught and small mesh grates for i 
burning buckwheat anthracite? 

Ans. For greater convenience domestic stokers are used. 

Owes. How about buckwheat anthracite? 

Ans. Forced draught and small mesh grates are frequently 
used for burning buckwheat anthracite. 

Buckwheat anthracite No. 2, or rice size, is used principally in stokers 
of the domestic, commercial and industrial type. No. 3 buckwheat 
anthracite, or barley, has no application in domestic heating. 

Firing Semi-Bituminous Coai. 

The Pocahontas Operator’s Association recommends the cen¬ 
tral cone method of firing, in which the coal is heaped on to the 
center of the bed forming a cone, the top of which should be 
level with the middle of the firing door. 

Thfe allows the larger lumps to fall to the sides, and the fine ones to 
remain in the center and be coked. ™ 

The poking should be limited to breaking down the coke without 
sUmng, and to gently rocking the grates. It is recommended that the 
slides m the firing door be kept closed, as the thinner fuel bed around 
the sides allows enough air to get through. 


Firing Bituminous Coai. 

A commonly recommended procedure for firing domestic 


n 


pi 
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heating units, called the side bank method, requires the move¬ 
ment of live coals to one side or the back of the grate, and 
ytecing the fresh fuel charge on the opposite side. The results 
^ are a more uniform release of volatile gases, and the subjection 
1 of these gases to the high temperature of the red coals. If the 
fresh charge be covered with a layer of fine coal, still better 
results may be obtained because of slower release of volatile 
matter. 

Ones. What precaution should be taken in firing bituminous 
fcoal? 

Ans. Bituminous coal should never be fired over the entire 
fuel bed at one time. A portion of the glowing fuel should 
always be left exposed to ignite the gases leaving the fresh 
Siarge. 

t< 

. Ques. How about the importance of firing bituminous coal 
pn small quantities at short intervals? 

Ans. This is discussed in a U. S. Bureau of Mines technical 
paper. Better combustion is obtained by this method in that 
the fuel supply is maintained more nearly proportional to the 
air supply. 

Ques. How about fresh charge of caking coal? 

Ans. If the coal be of the caking kind the fresh charge will 
fuse into one solid mass which can be broken up with the 
stoking bar and leveled from 20 minutes to one hour after 
firing, depending on the temperature of the fire box. 

Ques. What precaution should be taken? 

Ans. Care should be exercised when stoking not to bring 
the bar up to the surface of the fuel as this will tend to bring 

— -- 
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ash into the high temperature zone at the top of the fire, whei 
it will melt and form clinker. 

The stoking bar should be kept as near the grate as possible and should 

be raised only enough to break up the fuel. With fuels requiring stokii! 

It may not be necessary to shake the grates, as the ash is usually di& 

lodged during stoking. ; 

It should be noted that it is difficult to apply the methods 
just given to domestic heating boilers especially when frequent 
attendance is impractical. The methods should be adopted as 
far as practical which will result in better combustion. 

Ques. What is alternate or checker firing? 

Ans, A method in which the fuel is fired alternately on 
separate parts of the grate. 

Ques. What is its action? 

Ans. It maintains a higher furnace temperature and de¬ 
creases the amount of smoke. 

Owes. What is the coking method of firing? 

Ans. A method in which the fuel is first fired close to the 
firing door and the coke pushed back into the furnace just 
before firing again. 

This produces the same effect as the alternate method. 


Firing Coke 

Ques. What is the characteristic of coke with respect to 
ignition? 


NOTE. Especial care must be taken in hand firing bituminous coals. ■ 









Coal Hand Firing 


609 


’’ Ans. It ignites quicker than anthracite and less readily 
than bituminous coal. 

Ques. How does it burn? 

Ans. It bums rapidly with little draught. 


Of Ones. What is important for proper control of the air ad- 
4mitted to the fuel? 

^ Ans. All openings or leaks into the ash pit must be closed 
tightly. 


o: 

( 

l 

i 




The Pocahontas Operator's Association recommends the central cone 
method of firing, in which the coal is heaped on to the center of the bed, 
forming a cone, the top of which should be level with the middle of the 
firing door. This allows the larger lumps to fall to the sides, and the 
finer ones to remain in the center and be coked. The poking should be 
limited to breaking down the coke without stirring, and to gently rocking 
the grates. 

It is recommended that the slides in the firing door be kept closed, 
as the thinner fuel bed around the sides allows enough air to get through. 


I Ques. What should be done to obtain the same interval of 
attention as with other coals? 

b Ans. A deep fuel bed should always be maintained. 

I Ques. What attention should be given to the grates in mild 
bd cold weather? 

I Ans. They should be shaken only slighly in mild weather. 
In cold weather they should be shaken only until the first red 
[larticles drop through the grates. 


ti 

Size of Coke to Use. — ^According to the American Society or 
Heating and Ventilating Engineers, the best size of coke for 
general use, for small fire pots where the fuel depth is not over 


■ Kk 
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20 ins. is that which passes over a one in. screen-and thro* 
1^2 in. screen. 

For large fire pots where the fuel can be fired over 20 in deep ! 
which passes over a one in. screen and through a three in. screen cm 
used, but a coke of uniform size is always more satisfactory. 
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CHAPTER 38 

I 

Coal: Stoker Firing 


By definition, a stoker is: A device constructed to automati¬ 
cally feed fuel to a furnace. 

I- 

i Ones. What type stoker is generally used for house heating 
ioilers? 

I Ans. The under-feed stoker, 

I Oues. What is an under-feed stoker? 

I Ans. One in which the fuel is fed upward from underneath. 

I Oues. Describe its construction and operation. 

I Ans. The action of a screw or worm carries the fuel back 
|Bffough a retort, from which it passes upward, as the fuel 
above is consumed, the ash being finally deposited on dead 
plates on either side of the retort, from which it can be removed. 

Fig. 1 shows the essential features of an underfeed stoker with names 
^ of parts. 

I 

I Oues. What is the advantage of a stoker? 

I Ans. Its use results in more efficient combustion owing to 
fonstant instead of intermittent firing 

K Oues. What are the objections to hand firing? 
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Ans. The frequent opening of the doors allows a large ex¬ 
cess of air to enter which chills the flame and the dumping of a 
lot of fuel at each firing results in a smoke period until normal 
combustion conditions are restored. 

Oues. What is the advantage of worm feed for stokers? 

Ans. It can be regulated to feed coal at variable rates. 

Oues. Name two types of underfeed stokers. 

Ans. Those designed for bituminous coal and those de¬ 
signed for anthracite. 


Stoker Construction.—Although there are variations in 
I type and design of domestic stokers, the general features are 
^ much the same. The essential parts of a stoker are: 


I 1. Retort. 

V 2. Fan. 

? 3. Motor, 

e 4. Transmission 

I 6. Air duct. 


6. Air control. 

7. Hopper. 

8. Feed worm. 

9. Bin. 


and 
fig. 3. More 


2 ^hich gives the essentials 

MitMs of parts. What an actual stoker looks like is shown in 
Qescnption of how it works is given in fig. 1. 


3 

I is a fire pot cast in a round or rectangular 

I trough like shape in which the coal is burned. The retort is 
I provided with a number of air ports or tuyeres through which 
J air for combustion is supplied. 

C : 

i Oues. What is the construction of the retort? 


i 

















TUBULAR BOILER 



2—Sinfcle (acjuare) ttiyere stoker with worm Cutnwny view ehowin® acteal coaatrwctiee with 





































































Coal: Stoker Firing 


615 


I Ans. It is made of cast iron and is surrounded by the wind 
I box and perforated by holes or slots for admitting air to the fire. 

j Oues. What name is given to the air ports? 

Ans. They are called “tuyeres”. 



ope" hopper uni tyM stoker of heavy construction for commercial and 
mdustnal plants. In this design the fan is directly connected to the transmission motor. 


Pan —The purpose of the fan is to supply forced draught 
which is directed to the wind box which surrounds the tuyeres. 

Oues. What type fan is used? 

Ans. The squirrel cage type. 

; Owes. How does the air enter the retort? 
f Ans Through the poits or tuyeres via the air duct from 
Ian and the “ wind box” which surrounds the retort. 
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Ques. How is the air supply controlled? 1 

Ans. The fan is equipped with either manual or automatic 
control in the form of a damper at either the discharge orj 
intake end. 

Electric Motor and Transmission.—Stokers are usually 
powered with electric motors, one motor operates both the coal 



Fig. 4—Link-Belt stoker variable intermittent drive. This drive provides fuel bed agitatioa; 
t^ee speeds with finger tip control; speeds may be changed while stoker is in operatios. 


feed worm and the fan. The automatic control devices have 
been treated in the chapter on Automatic Control Wiring 
Diagrams. 

Ques. Describe the drive. 

Ans. It consists of a transmission fan, pulleys, belts, ete.^ 
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also a shear pin, or clutch throw out to protect the driving 
mechanism against damage in case large size foreign objects 
get mixed up with the coal. 

Ones. How does the transmission work? 

Ans. It rotates the coal feed worm at the proper speed to 



,"n>verMl joint. The universal joint between the screw conveyor 
takes up the thrust created by the conveyor flights working against 
binding action in the tube and relieves undue strain on the 

\ 

feed the amount of coal required. The construction is such 
that the rate of feed can be changed as desired. 

Ques. What are the two kinds of transmission usually 
bployed? 

Ans. There is the continuous drive which is by mean of 
Ruction gears and the intermittent drive which operates with 
w ratchet. 


I 
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Another drive is of the hydraulic type usually called “oil drive” coni 
trolled by regulating the oil pressure on the driving mechanism to coiS 
trol the number of revolutions the feed screw makes per minute. 


Feed Worm. — Sometimes called the feed screw conveys thi 
coal from the hopper to the retort (fire pot). ^ 



Fig. 6—Link-Belt stoker clean outs and detail of feed worm, A cleanout door providll 
easy access to the windbox for removal of riddlings, should suclv become necessary. T* 
cleanout^ plate at the junction of hopper and tu^ is provided with an extension tl 
automatically dislodges obstructions, when the grate is removed, if any should ' 
wedged in the feed tube. 


Ques. How does it work? 1 

Ans. It is geared to the transmission, its rate of revolution 
depending upon the desired feed rate. i| 

It extends from the coal supply whether hopper or coal bin, through 
the coal feed tube into the retort, where the coal it carries is discharged.^ 
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Operation and Care of Stokers 

GENERAL OPERATING INFORMATION 

The two basic functions of a stoker are: 

1. To supply the coal as needed. 

\t I' correct amount of air to burn the coal 

air hi- r retort, there is either too niuch 

ered^xfe^SoH 7 'nsufficient amount of coal is being deliv- 
rmi c I remedying this condition is to increlse the 

•’elt to the next highest pulley or by 

«P coke or un- 

^unnhprl ? *r ^ 5*^“^‘"‘*>««on that there is too little air being 
•n^^ih ^ amount of coal delivered, excepting when 

^ hort a hold-fire operation does not permit high enough^em" 
Pe atures for burning the coal. If this condition exists, lenSn the 

KJt lrSg^S‘^^* ^ —Ih firet 

A deep fuel bed is recommended. If the coal cokes or fuses into 
IbMin r^h’ " u 'o *e''cl the fire. The best operation is 

funifornT " tlfe fuel bed 

u ^ accumulation that forms around the edge of the 
rebox. If pulled up over the fire, will fuse into clinkers, providin^^ 
the firebox temperatures are high enough. It is not necessary tf 
rrn. “"*ess it is detrimental to the stokeZop- 

^9^ fire may result from an extended 
^riod of mild weather. It is important not to disturb the small ball 

k u fire may go out. If the fire 

should be cleaned, however it is advisable tolerate the stoker a 
few minutes immediately after cleaning to prevent the fire going 
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ELECTRICAL CONTROLS 

Three (3) basic controls are required for satisfactory stoker 
operation. 

1. Thermostat: The purpose of the thermostat is to start tb 
fire when the room temperature falls below a pre-determined poiri 
and to stop it when the temperature again raises to normal. Th 
thermostat setting should be adjusted to give comfortable roon 
temperature. Usually a setting between 72 and 75 degrees is d< 
sirable. 

2. Limit Control: The limit control stops the stoker should th 
furnace or boiler temperature or boiler pressure become greater thaj 
the setting of the control. Furnace limit switches on warm ai 
gravity installations usually require setting above 300 degree 
Hot water limit switches on hot water systems usually require se^ 
tings above 160 degrees. Steam pressure controls on steam pressui 
installations usually require settings of 2 lbs. to 5 lbs. 

3. Hold-fire Control: The purpose of the hold-fire control 
to produce a stoker operation at intervals during mild weather 
maintain fire when the thermostat is not demanding heat. There at 
two types of hold-fire controls, interval timers and stack temper 
ture control switches. 

Timers may be adjusted to give various length firing period 
The cycle of operation may be set for either one-half hour or one- 
hour intervals. 

Stack switches start the stoker when the stack temperature 
comes lower than a pre-determined point and operate it until th 
fire is again kindled to a degree which will guarantee that it wf' 
not go out. 

Note instructions packed with instruments for complete infer 
mation on each control. 

COAL SELECTION 

A bituminous coal, low in ash (6% or less), with an ash fusic 
temperature of 2200-2600 degrees Fahrenheit and maximi 

to minimum is ideal for stoker operation. Oil treatment of thJ 
coal is recommended in order to eliminate dust and add lifetime tj 
the stoker. Generally speaking, in most sections of the country^ 
high quality coal is usually most satisfactory and most economica 
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The annual coal tonnage for domestic stokers is usually low. Con¬ 
venience and satisfaction are usually the primary factors considered 
when making the decision to install a stoker; therefore, good coal 
« recommended. Consult your local coal dealer or your Consoli- 
dated stoker dealer for recommendations. 

^ STARTING THE FIRE 

Fill the hopper with coal. Let the stoker operate on maximum 
coal teed until the retort is filled with coal. Use paper and kindling 
m the same manner as you would start the fire in your hand-fired 
furnace. Close the air adjustment, light the paper and throw in the 
line switch. ^ 

As the fuel bed depth increases, increase the air volume. 


NATURAL STACK DRAFT 

I Natural draft has a decided effect upon thfe operating economy 
; of the stoker installation. Check draft and baffle damper should be 
; adjusted to give lowest possible stack draft without causing smok- 
: mg from fire door. ® 

The check damper in the smoke outlet to the furnace can also 
be used advantageously when extreme natural draft exists. The ideal 
arrangement is obtained by limiting draft just to the point that 
smoke or fumes are not emitted from the fire door when the stoker 
IS in operation. 

MANUAL AIR ADJUSTMENT 

As the fuel bed builds up to the desired condition, "the air ad¬ 
justment should be made in the following manner: 

Open or close manual air damper to give a yellow and practi¬ 
cally smokeless flame (not white hot) and a fire fed with no intense 
blasts from air ports in the burner. Sufficient air must be delivered 
to maintain an even burning fuel bed with a fairly consistent depth. 

AUTOMATIC AIR CONTROL 

The Dual-Pressuremeter automatically controls the pressure and 
volume of air delivered by the fan so that the correct amount is 
supplied to the fire as burning conditions vary. Usually no adjust¬ 
ment is necessary as the setting made at the factory will enable this 
control to function properly on most installations. (See Diagram 
on Dual-Pressuremeter.) ® 
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CHANGING COAL FEEDS 

Coal feed change is easilj' made by altering the position of the 
dnve belt from the smaller to the larger or from larger to smaller 
pulleys of the motor and transmission. 

Instructions: 

(1) Cut off stoker line switch. 

(2) Move belt change lever down to reduce the tension 
on belt. 

(3) Move belt to pulley desired. 

Belt on large pulley of the motor gives maximum 
feed. 

Belt^ on center pulley of the motor gives inter¬ 
mediate feed. 

Belt on small pulley of the motor gives minimum 
feed. 

tightening lever up to original position. 

(5) Throw in line switch. 



Fig. 8 — Hopper end view of Consolidated domestic stoker with names of parts. 
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MOTOR OVERLOAD PROTECTION 

The motor on all Consolidated Stokers has a built-in Thermal 
Overload device for protection against excessive motor tempei 
tures. Should the motor become overheated the Thermal Overloai 
unit on the motor will prevent damage by breaking the elearic; 
circuit. Motor overloads are usually caused by lack of bearing lubri# 
cation, low voltage or excessive belt tension. 4 

To reset, push in reset button on the motor, after the motor w 
cooled suiOficiently. i 


TRANSMISSION OVERLOAD PROTECTION I 

The Consolidated Stoker transmission embodies an overloa] 
feature that automatically breaks the electrical circuit to the motor 
in the event that an obstruction should become lodged in the coil 
veying mechanism of the unit. To reset (after removal of the oil 
struction) push in reset button on the side of the transmission. 


REMOVAL OF OBSTRUCTION 

The obstruction clean-out is located in back of the hopper. FuJ 
access to the feed screw is obtained by removal of obstructioi 

clean-out cover. It may be necessary to reverse the rotation of th 
feed screw manually to relieve the obstruction. To do this, the trani 
mission must be placed in neutral by removing cap and loosenini 
large hexagon nut several turns, then push the nut toward th 
transmission. To put stoker back in operation, pull large hexageJ 
nut out and tighten; then replace cap. | 

KEEP FURNACE OR BOILER CLEAN I 

Keep gas passages to furnace or boiler free from fly-ash. This] 
increases the efficiency of the heating plant. Clean as often as 
necessary. 


LUBRICATION 

1. Electric Motors. The motors should be lubricated at the be^ 
ginning of the heating season and twice during the season. Use a 
good grade of medium engine oil. 

2. Transmission. The transmission requires one pint of SAF 
No. 40 Engine Oil. This should be checked once each season. The 
oil should be removed and replaced at the end of two heating 
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sons provided there has been no flooding. Should the transmission 
become submerged in water, it should be completely serviced by a 
Consolidated dealer. 

SUMMER SERVICE 

It is recommended that your Consolidated Stoker be prepared 
for the next heating season just after the spring heating has been 
completed. The stoker should be prepared in the following manner 

(1) Remove coal from hopper. 

(2) Paint or grease the inside of the hopper 

(3) Open hopper lid for air circulation. 

(4) Remove siftings from retort base. 

(5) Clean and oil electric motor and adjust belt 

(6) Replace oil in transmission, if necessary. 

(7) Run heavily oiled coal or sawdust through the 
stoker, leaving feed screw and coal tube full, over 
the summer. This prevents corrosion and rusting. 

Your Consolidated Stoker dealer is in a position to render the 
above service at a nominal charge. 


Causes and Remedies 
|For Occasional Service Interruptions 

OVERLOADING (Tight Feed Screw! 

lEFFECT: Stoker Stops. 

REMEDY: 

(1) Obstruction in feed screw, H) Remove obstruction, 

(2) Dirty fire Clean fire, 

MOTOR FAILS TO START 

CAUSE: REMEDY; 

(1) Overloaded (1) a. Push reset button on 

transmission. Don't hold 
in. 

b. Push reset button on 
motor, 

(2) Blown fuses. (2) Replace fuses. 
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(3) Circuit opened by Low 
Water Cutoff. 

(4) Mechanical trouble. 

(5) A loose electrical connec- 
tion. 

(6) Limit control contacts 
open. 



(3) Raise water level to prop¬ 
er height. 

(4) Call service, 

(5) Call service. 


(6) Let boiler cool off. 


EXCESSIVE COAL IN FIREBOX 


CAUSE: 

(1) Feeding too much coal. 

(2) Insufficient air. 

(3) Windbox full of siftings. 

(4) Accumulation of clinkers 
in fire. 


REMEDY: 

(1) Reduce coql feed. 

(2) Open manual damper 

(3) Clean out windbox. 

(4) Clean fire. 


STOKER OPERATES CONTINUOUSLY 


CAUSE: 

(1) Controls out of adjustment. 

(2) Dirty fire. 

(3) Fire out. 

(4) Dirty boiler or furnace. 


REMEDY: 

(1) Call service. 

(2) Cleon fire. 

(3) Rebuild fire. 

(4) Clean boiler or furnace. 


OPERATING INSTRUCTIONS 
For STOK-A-FIRE STOKER 


How to Use the Coal Feed Chart. — On the first line at the 
top, page 627, the various diameters of round fire boxes are 
set across the page — on the second line, the number of square 
inches in these round fire boxes is set across the page. The 
column of figures on the left marked clear height is the num¬ 
ber of inches between the top of the tuyere block and the top 
of the fire chamber. 
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COAL FEED CHART 


Worn, of Firebox 

18 

20 

22 

24 

26 1 28 

30 

32 

34 

36 

38 

40 

Sq. In. of Firebox 

255 

315 

380 

450 

53o| 6tT5 

710 

750 

800 

650 

900 

1000 

Clear Height 



Pounds of Coal Feed 

Per Hoi 

ur 




^8" 

12 

13 


19 

22 


29 

31 

33 

35 

37 

40 

19' 

12 

14 


20 

23 

27 

30 

32 

35 

37 

40 


20" 

12 

15 

18 

21 

25 

29 

33 

35 

37 

40 



21" 

13 

15 

18 

22 

26 

30 

34 

37 

40 




22" 

13 

16 

19 

23 

27 


36 

38 

40 




23" 

14 

16 

20 

24 

28 

32 

37 

39 

40 




24" 

T4 

17 

2i 

25 

29 

34 

39 

40 





25" 

15 

18 

2Z 

26 

30 

35 

40 






iff::,- 26'^ ''' 

15 

19 


27 

32 

32 

40 






27" 

16 

19 

24 

28 

31 


40 






' 

36 

20 

25 

29 

34 







— 

29" 

17 

21 

25 

30 

35 

40 







30" 

18 

22 

26 

31 

37 

40 







31" 

18 

22 

29 

32 

38 

40 







32" 

19 

23 

28 

33 

40 



33" 

19 

24 

29 

34 

40 


- 

34" 

20 

25 

30 

36 

40 


35" 

20 

25 

31 

37 

40 


36" 

21 

26 

32 

38 

40 


37" 

21 

27 

32 

39 

40 


38" 

22 

28 

33 

40 



39" 

23 

28 

34 

40 



40" 

24 

29 

35 

40 



41" 

24 

30 

36 

40 



42" 

25 

31 

37 

40 



43" 

25 

32 

38 

40 



44" 

26 

32 

39 40 




2fi in a 22 in. steel furnace with 

26 m. clear height the proper coal feed would be 23 lbs. as indicated 

If 20 X tor^th Srate dimension 

U X oO in., the total square inches of grate surface would be 600. If 
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the clear height be 28 ins. then the proper coal setting would be 40 lbs. | 
of coal as indicated by the shaded area. | 

How to Start the Fire.— 1. Set the room thermostat ' 
above the room temperature. 2. Set the coal feed and air 
setting to the proper rate (use chart). 3. Throw the line switch 
ON so that stoker runs. 4. Open the hopper lid and watch the 
feed screw' to make certain that it is turning. Sometimes in 


SETTING COAL FEED METER 



Fig. 9. — How to adjust coal feed; A. 1. Select the proper amount of coal for the fumce 
(refer to coal feed chart). 2. When the proper coal feed is selected the opposite 8i« of 
pointer indicates the proper air setting. Numbers 1 and 2 refer to corresponding numben 
in the cut. 

shipping or installing the stoker, the feed screw may slip off 
the shaft on the gear case. Be positive that the feed screw is 
engaged—do this before putting any coal in the hopper. 5. Fill 
the hopper with coal. 6. Set the over fire air door on the furnace 
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IK to open and lock in this position. 7. Let the stoker run 
1 until the retort (inside the furnace or boiler) is filled with coal. 
I 8 Place a quantity of paper, kindling wood and a small amount 
p of coal on top of retort and ignite same. ‘ 


SETTING LOCKED 
BY LOCK NUT 



How to Remove Clinkers.—You will find it easier to re- 
)ftnove the clinker if you will let the fire cool off for 5 or 10 
Jirautes before removing it. Turn the stoker off and open the 
’ifire door to cool the fire. Fill the hopper while clinker is cool- 
iJng. The clinker normally forms around the retort Use 




an 
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iron bar or poker to raise the clinker. Do not dig in retort. Aftra 
you have raised the clinker, use the clinker tong to lift it fronl 
the furnace. It may be in one piece or several pieces, but re-1 
move all of it. Keep the fuel bed clean. Remove clinkers as 
often as necessary. ’ 


Things to Do. — Keep the fire clean — remove clinkers when^ 
ever necessary. Keep boiler flues and smoke pipe clean. Oil the 



Fig. 11—How to adjust the air supply. 1. From information given on coal meter, set air 
selector knob to the proper point and the automatic damper will furnish proper amouol^ 
of air for the amount of coal fed to furnace. 2. Air intake. 3. Automatic air damper , 
opens slowly after stoker starts feeding coal, thus preventing “puff backs” out of 
door and closes when the stoker stops and automatically banks the fire. Cautiotl^ 
Motor will not run. The coal meter recommendation for air setting is accurate for stoker- 
coal having 60% of fine coal. If the coal be washed and of pea size the air adjustmailf 
must be set at least 2 points lower than indicated on the meter. Remember that an 
excess of air under this kind of coal will burn up the retort. Set the over-fire air slide 
on the furnace door, half open and lock in this position. 
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dectnc motor every month—use 5 or 6 drops of oil. Check 
the oil in the gear ease every month. Use a good grade of coal. 

How to Oil Motor.-In fig. 12, 1 shows two points that 
require oiling once a month. Use No. 20 oil. 

FAN CASING 

OIL HERE AND HERE 
OIL CUPS 


BELT DRIVE 




MOTOR 


transmission 



.. Fig. 12— How to oil motor. 

if- 

I How to Oil Transmission.-1. Oil hole—^ pint of No. 
I 50 oil required to fill case to proper level. 2. Oil plug—remove 
' and check oil level once a month. Fig. 13.—1 and 2 refer to 
numbers in the cut. 

Troubles.—The following list gives various conditions that 
[ Will cause faulty operation: 

Abnormal noises. Look for loose pulleys or belt. Motor bearines 
are dry and need oiling. Gears may be worn or dry from lack of oil. 
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2. Motor will not start. Hard clinker over or in retort. Foreign mat- I 
ter caught in feed screw. If stoker has seen long or hard usage, the end i 
of the feed screw may be worn causing packing of coal in retort. 


Naso OIL(iPINT) 



3. Smoke hack into hopper. Hopper is empty or very low in coal. 
Clinker over the retort. Fire is burning down in retort, indicating too 
much air or too little coal feed. Smoke back connectiop is clogged up. 

4. Fire is out. Hopper empty. Motor has cut off automatically from 
overload condition. Clinkers over retort. Switch is off. Fuse is blown. 
Failure of electric controls. 

5 . Furnace filled with unhurned coal. Coal feed set too high. Air 
damper not far enough. Wind box filled with “fines.” Clinkers over or in 
retort. Digging in retort with bar may cause air ports to become clogged, ; 
thereby shutting air off from fire. 

6. Stoker won^t run. Fuse is loose or has blown. Furnace or boiler 
may be over heated and limit control has stoker shut off. If you have a 
steam boiler with a low water cut-off, the water level in the boiler may 
be too low. Caution: If gear case has been exposed to water in any way, 
do not run the stoker. Drain and flush out gear case immediately and 
refill with fresh oil. 
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CHAPTER 39 

Natural and 
Manufactured Gases 

i.’ 

Gases are classified broadly as: 

1. Natural. 

2. Manufactured. 

Natural Gas. This kind of gas is obtained from deposits 
in the earth but not connected with the production of oil. 

Owes. How is natural gas distributed? 

Ans. It is piped under pressure from the fields to the con¬ 
suming center. 

Natural gas pipe lines now serve a considerable portion of the United 
States. 

Oues. What is the nature and make up of natural gas? 

Ans. Natural gas is the richest of the gases and contains 
rom 80 to 95% methane with small percentages of the other 
combustible hydro carbons. 

Ones. What is the heating value of natural gas? 

Ans. It varies from 1,000 to 1,200 B.t.u. per cubic foot, the 
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majority of natural gases averaging about 1,000 per* 

cubic foot. a 

The caloric value depends upon the locality. 

Manufactured Gas.—This classification covers any gas 1 
made by a manufacturing process as distinguished from na-1 
tural gas such as coal gas, carburetted water gas, etc. I 

Coal Gas.—In the making of coal gas bituminous coal is; 
distilled in either retorts or by-product coke ovens. 

Ques. What is the construction and placement of retorts? 

Ans. Retorts are made of fire clay or silica material and arei 
set either horizontally or vertically. 

Ques. How are horizontal retorts arranged? 

Ans. One end is permanently closed and the other fitted| 
with a cast iron mouth piece and lid. 

Stop end retorts are usually about 9 feet long and hold 250 to 400 lbs., 
of coal per charge. Duration of charge is from 4 to 12 hours. 

By-product coke ovens are rectangular chambers 13 ft. 6 in. to 42 ft., 
long. 8 to 13 ft. high, 12 to 18 in. wide. They carbonize charges of 4,000 
to 30,000 lbs. of coke in 12 to 18 hours. 

According to Forstall; 

“The volatile matter driven off when coal is exposed to heat consists 
of a mixture of fixed gases and vapors. During their passage to the out¬ 
let of the retort or oven some of these vapors are converted into fixed; 
gases either by contact with the highly heated walls of the retort or by 
exposure to heat radiated from the walls. For horizontal retorts or 
ovens this outlet consists of stand, bridge and dip pipes. The lower end 
of the latter is sealed in ammoniacal liquor in a horizontal pipe called 
a hydraulic main. From vertical retorts the gas is taken off at the upper 
end through a short pipe dipping into either a hydraulic or a dry main. 
Coke ovens have take-off pipes at each end. 
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“Cooling of the gas begins in this main with a consequent condensa¬ 
tion of a portion of the steam and hydrocarbon vapors to water and 
tar respectively. The water in forming, absorbs ammonia, which is 
present as a gas, and becomes ammoniacal liquor. Part of the tar is 
deposited in the hydraulic main, but the rest remains in the gas as a 
fog. To remove this, the gas is passed through a frictional tar extractor 
before its temperature is lowered below 100° F. and then goes to a 
condenser for further cooling. The condenser is a vessel traversed by 
iron tubes through which water flows, causing the deposition as light 
tar and ammoniacal liquor respectively, of the excess of condensible 
hydrocarbon vapors and steam. The cooled gas passes through a washer 
where it bubbles through water or ammoniacal liquor to remove the 
remaining light oils and a part of the ammonia and sulphuretted hy¬ 
drogen, and through a scrubber in which it travels in thin streams over 
wetted surfaces, where removal of the ammonia is completed. The gas 
then passes into the purifiers where the sulphuretted hydrogen is re¬ 
moved by means of hydrated ferric oxide. The gas then is measured 
and passed into storage holders.” 


Producer Gas.—The gas formed by a producer is the product 
of an incomplete or retarded combustion of the fuel. This is 
effected by burning the latter in a bed, several feet in thickness, 
•within the generator or producer proper. The heated gases 
and flame from the portion nearest the air supply, where com¬ 
bustion is more or less rapid and complete, have to pass through 
the remainder of the bed, distilling gases from the fatter in their 
transit. The processes of combustion within the generator may 
be described as follows: 

The oxygen O, of the atmosphere combines with the fuel 
in the first portion of the bed, and the ensuing combustion re¬ 
sults in the formation of carbon dioxide CO 2 , that is to say, 
each atom of carbon combines with two atoms of oxygen. This 
means that each pound of carbon requires 2% pounds of oxy¬ 
gen, the combination resulting in the formation of Z% pounds 
carbon dioxide, and, at the same time, imparting about 14,500 
heat units to the mass of fuel. 
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The accompanying illustration fig. 1, shows the essential elements of a down 
draught generating station. 

The effect of this process is that the 2 3^ pounds of carbon dioxide assimilate another 
pound of carbon, forming 43^ pounds of carbon monoxide, which is equivalent to 
the evolution of 23 ^ pounds of the latter gas for each pound of carbon consumed. 
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shavings, the chambers being so arranged so that one can be cleaned while the other is in operation. 
The gas holder is of the standard type proportional to the size of the gas plant. 

In operation, fires are kindled with coke and wood in the generators to a depth 
of about four feet, the exhauster creating a down draught with top doors H, and I, 
and valves A, B, G, and C, open, and D, closed. 
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are required to resume gas making. 
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CHAPTER 40 

Gas 

Burners 

As defined by the American 
Gas Association, a gas burner is: 
A device for the fined convey- 
ance of the gaSy or a mixture of 
gas and air, to the combustion 
zone. Burners used for domestic 
heating are of the atmospheric, 
yellow flame, or power burner 
types. 

Ques. What type burners are 
used for domestic installations? 

Ans. The Bunsen type. 

Ques. Describe the Bunsen 
burner. 

Ans. The essential features 
of this burner are shown and 
explained in fig. 1. 


Fig. 1— Bunsen Burner. It consists of a small tube or burner A, which is placed inside a 
larger tube B. The latter has holes CC, a little below the top of the small tube. The 
gas escaping from the small tube draws the air in through the holes CC, and produces 
what is called an induced current of air in the large tube. This air enters through the 
holes CC, and is mixed with the gas in the tube B, and the mixture is burned at D. 
The flame from such a burner gives hardly any light, but the heat is intense, as is shown 
if a metal wire be held in it for a few seconds. It will glow with heat. 




































Fi<i. 2 — Janitrol JCU-64 series gas burner. The parts are; 1. Burner head; 2. Burner tubrf 
3. Burner tube clamp; 4. Support stand; 5. Burner duct and base; 6. Venturi; 7. Air 
shutter; 8. Orifice spud; 9. Manifold; 10. Adjustable legs; 11. Pilot gas line; 12. Auto¬ 
matic gas valve; 13. Gas pressure regulator; 14. End cover; 15. Adjustable slides; 16. 
I*ilot; 17. Deflector; 18. Puot lead. 


j 
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Ques. How is the air supply classed? 

Ans. As primary and secondary air. 

Ques. How is the primary air admitted? 

Ans. It is introduced and mixed with the gas in the throat 
of the mixing tube. 



Fig. 3— Janitrol gas burner installed. 

Ques. How much primary air is admitted? 

Ans. A ratio of about 3 parts primary air to 1 part gas for 
manufactured gas, and a 5)^ to 1 ratio for natural gas are 
generally used as theoretical values. 


Y//////////7Zy 


Ques. Upon what does the amount of excess air depend? 

\ 
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automatic 

PILOT 


DIFFUSER 

SUPPORT 


BURNER 

“HEAD 


PILOT 
SUPPORT 
RACK . 


_ BURNER 
EXTENSION 


Ans. The excess air required depends upon several factors,! 
notably uniformity of air distribution and mixing, direction of I 
gas travel from burner, and the height and temperature of ^ 
combustion chamber. 


Fig. 4 Jamtrol gas burner extension showing burner head, automatic pilot, diffuser 
support, etc. 


BURNER 

TUBE 
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Oues. How is secondary air drawn into gas appliances? 

Ans. By natural draught. 

Oues. What may be said about excess secondary air? 

AnSa It constitutes a loss and should be reduced to a. proper 
minimum. 

Usually it cannot be less than 25 to 35 per cent. 


Fig. 5—Janitrol gas burner locking screw. 
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EXPANSION ELEMENT 


burner port 

LIGHTER 
4—'COIL 


PILOT RISER 


SPUD 


PILOT GAS 
' LINE 


Ques. What is the nature of the Bunsen burner flame? I 
Ans. It is blueish practically non luminous. j 

Ques. What kind of burner gives a yellow flame? i 

Ans. Those which depend solely upon secondary air for 
combustion. 


gas? 


Fig. 6 — Janitrol gas burner automatic pilot. 

Ques, How is primary air regulated? 
Ans. By means of an adjustable shutter. 


Ques. How is adjustment made for manufactured 














^ Ans. Regulate the air supply by closing the air shutter until 
yellow flame tips appear and then by opening the air shutter 
to a final position at which the yellow tips just disappear. 

This type of flame obtains ready ignition from port to port and also 
favors quiet flame extinction. 

Ques. What kind of air adjustment is made when burning 
aatural gas? 
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COVER CAP 


ADJUSTING 

FERRULE 


VALVE 

SEAT 

GASKET 


INLET 



NUT 

DIAPHRAGM 


VALVE 

SEAT 


OUTLET 


VALVE STEM St 

' I®- ^ Janitrol gas burner pilot gas pressure regulator. 


Ans. The air adjustment is generally made to secure as blue 
|flame as possible. 

Ones. What may be said about the division of air into 
t ^imary and secondary? 

^.Ans. It is a matter of burner design, the pressime of gas 
available and the type of flame desired. 
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Ques. How about the velocity of the gas flow? 

Ans. It should flow out of the burner ports fast enough so 
that the flame cannot travel or flash back into the burner head; 


REMOTE LIGHTER 



Fig. 8 — Janitrol gas burner control wiring diagram. 
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the velocity must not be so high that it blows the flame away 
rom the port. 


In an all yellow flame, flash back cannot 
velocity is needed to blow off the flames. 


occur and a much higher 


Oues. What is the nature of combustion when burning gas? 
Ans. Efficient combustion is obtained with little difficulty. 



boiler J. Water circuit. The zig-zag flow of water through 
prevents undesirable internal circulation within the absSin 

tretireC^g system.eirculatiSn of 
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Gas Burners 


Oues. Why is a draught hood used? 

Ans. To insure the maintenance of constant low draught 
condition in the combustion chamber with a resultant stabity 
of air supply. 


Automatic Control.—For domestic burners the control 
may be such as to give; 1. Intermittent operation. 

2. Constant operation. 



Fig. 10 —Hydrotherm gas fir6d boiler. 2. Heat transfer. Dee^ ribbed staggered horizootii 
sections provide augmented heating surface. The illustration shows tiM travel of th* 
gases of combustion through the spaces between the sections. 
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Gas Burners 


Oues. Describe the intermittent cycle? I 

Ans. The burner is started and stopped by the room ther- 1 
mostat which in turn opens and closes a control valve in the 1 
gas supply line. 

Oues, How does the constant operation control work? 

Ans. By means of automatic devices the fire is varied from 
high to low, depending upon the heat load. 


Oues. How is ignition secured in the on and off control? 
Ans. By the use of a gas pilot flame. 


Oues. What safety provision is made in case the pilot light 
go out? ; 

Ans. The safety device uses the heat of the pilot flame k ^ 
such a manner that if the pilot light be extinguished for any 
reason, the main gas valve cannot be opened. 


For satisfactory operation automatically fired gas burners should be 
provided with pressure regulators on the gas supply line. See fig. 7. 
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CHAPTER 41 


Electric Heating 


?This method of heating is becoming more important and 
lore frequently used in heating, ventilation and air condi- 
oning installations. 




K5S. 1 to 3 — Internal circuits of heater. .Is shotrn, the heater wires are divided into 
, three sections: A, B, and C, connected to the external terminals P. A three hole socket 
r S, has one conductor of a twin flexible cord connected to the two outer sockets, and the 
3 other to the middle socket. The socket piece may thus be put on the pins in three dif- 
ierent ways, as shown in the three figures. In fig. 1, section A, only of the heater is in 
fcircuit; in fig. 2, section B and C are connected, and in fig. 3, all sections are in circuit. 
The signs +,anci — in each figure indicate the heater end of the flexible cord, the other 
^terminating in a plug connection or switch plug on the wall. In some apparatus, a three 
or four hole socket is made to fit a corresponding number of pins in one position only, 
and is cormected through a triple or quadruple flexible cord to a two or three way switch 
‘“'^jacent. The various degrees of heat are then obtained by altering the position of the 
itch. 
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Electric Heating 


When converting electric power into heat 100% of the energ| 
applied is transformed into heat, that is, there are no losses J 
with other systems. 

Resistors.—By definition a resistor is a material used tc 
produce heat by passing an electric current through it. Solids 
liquids and gases may be used as resistors but solid resistor 
are most frequently used. 


COVER TO terminals 



q- 


—"ITj 

THERMOSTAT BULB>^, It! 


^HEATER TUBES 


I 




SECTION A-A 


terminals 


electric boilere have 

neaUng ete^nte of the enclosed metal resistor type immersed in the water BoUera 
of this co^truction may 1^ used either with direct or alternating current since the heat 
18 deliver^ to ^e water by contact with hot surfaces. To less^ the likelihood of the 
burning oi^, they should be of substantial construction, with a low 
heat density per umt of surface area and provision should be made for cleaning off 
deposits of scale which restrict the heat flow. on 


As an example of a liquid resistor, water in an electric boiler forms the 
resistor which is heated by an alternating current passing through it. 

Ones. How is oxidation of resistors avoided? 

Ans. The resistor should contain practically no iron. 
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i Heating Elements. — By definition an electric heating ele- 
Iment is: A unit assembly consisting of a resistor, insulated 
Isupports and terminals for connecting the resistor to electric 
|)ower. Commercial electric heaters are made in many types. 


POWER SUPPLV 

THERMOSTAT 



pPiG. 6 — Unit heater wiring diagram. The arrangement of the wiring circuits is very 
; . important for electric unit heaters. In principle they are all the same and include as 
**^“t*al elements an automatic control panel, a thermostat, and a master hand switch, 
f All haters should be designed with a safety thermal trip wired in series with the magnet 
j cou of the control panel and with the hand switch and thermostat. 

1 

V Ques. Give some examples. 

I Ans. Resistors may be made up of coils of wire or metal 
ribbon, supported by refractory insulation, or embedded in 
Refractory insulating material surrounded by a protective 
sheath of metal. 

; Heat Transmission.—Heat given off by electric heaters 
nay be transmitted by: 
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Electric Heating 


1. Conduction. 

2. Radiation. 

3. Convection. 

4. Induction. 


Conduction heating delivers most of the heat by actual 
contact with the object to be heated. 




POWER 
SUPPLY ■ 



\—Electrode boiler. Large electric boilers are usually of the type employing water 
M the resistor, using immersed electrodes. With this type only alternating current can 
be used, ^ direct cifirrent would cause electrolytic deterioration. Electric steam boilers 
are useful in ind^trial plants which require limited amounts of steam for local pro- 
ces^s, and also for sterilizers, jacketed vessels and pressing machines which need a 
ready supply of steam. 


Oues. What are the applications of conduction heaters? 

Ans. They are used for water heaters, foot warmers, hot 
pads, ice melters, etc. 
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i; _ Electric Heating 

I Owes. What are the essential elements Of radiant heaters? 
I Ans. Heating elements and reflectors. 

Ones. What is the object of the reflectors? 

Ans. They are used to concentrate the heat rays in the 
lesired dii^ctions. 


COLO WATER 



Fig. 8 — Method of connecting electric water heater to boiler. In residential work, to 
effect a saving in the cost of operation, it is sometimes desirable to use a furnace coil 
or indirect heater in connection with an electric water heater. This job should be con¬ 
nected right. The proper connections are shown. Be sure and provide a gate valve to 
stop heating from boiler when desired. 


Ques. Why are they not satisfactory for heating the air? 
Ans. Because radiant heat rays do not warm the air 
trough which they pass, but only solid objects which inter- 
«pt them*. 

♦NOTE.— See Chapter 23, pages 373 to 390 on Radiant Heating. 
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Electric Heat in j 


Oues. How do convection heaters work? 

Ans. By thermal air circulation, that is, the movement of 
the air is due to difference in weight of hot and cold air. 

Owes. How is the air circulation accelerated? 

Ans. By surrounding them with a casing open at the top 
and bottom — which acts like a chimney. 

Ques. What is the principle of induction heating? 

Ans. When a metal to be heated is placed in a magnetic 
field within a high frequency coil, eddy currents are produced 
and immediately produce heat in the body of the metallic piece. 

Ques. What are the applications of induction heating? 

Ans. Largely used in the heat treatment of metals and 
numerous special processes*. 

♦NOTE. — For an extended treatment of Induction Heating, see Audels Welder’s 

Guide, Chapter 18A, High Frequency Induction Heating, pages 380A — 380L. 
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1. TROUBLES 

; Boiler Troubles. — Boilers are subject to numerous troubles, 
I generally due to improper type and design and inferior atten¬ 
tion. The following are some of the troubles usually encountered: 

1. Too much time required to get up steam, 

a. Too little heating surface. 

h. Badly arranged heating surface. 

c. Heating surface covered with soot. 

d. Too short heating surface passages. 

e. Poor fuel. 

/. Inferior firing. 
g. Poor draught. 

k. Poor design giving faulty and slow circulation. 

i. Boiler too small (as usual). 

j. Faulty conversion jobs. 

k. Ash pit full of ashes. 

l. Boiler no good. 

2. Slow response to damper operation, 

a. Air leaks into chimney or stack. 
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h, poor firing. 

c. Poor fuel. 

d. Boiler too small. 

e. Clinker on grate. 

/. Ash pit full of ashes. 


3. Water line unsteady. 

a. Liberating surface too small. 

b. Dirt or grease in water. 

c. Forcing. 

d. Wrong location connection of water gauge 

e. Varying pressure difference on the system 


4. Water leaves glass gauge. 


a. Priming. 

b. Foaming. 

c. Pressure drop too great in return., 

d. No Hartford connection or Graham spiro-centriiugai 

e. Improper water gauge connection. 


stabilizer loop. 


5. Water carried over into steam main. 

a. Too high water line. 

b. Priming. 

c. Foaming. 

d. Liberating surface too small. 

e. Outlet too small. 

/. Forcing. 


6. Flues foul too frequently. 

a. Improper excess of air. 

b. Smoky combustion. 

c. Combustion too slow. 

d. Poor draught. 
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it 1. Low carbon dioxide. 

/ 

a. Improper adjustment of oil burner. 
h. Air leakage between sections. 

c. Improper conversion job. 

d. Dirty oil burner nozzle. 

€, Oil burner wrong size. 


4 ^ thumb nut 

OIL CUP 



CHANGE-OVER 

SCREW 


^ LEVER ARM 
UNION NUT 
VALVE DISC 


- Fig. 1 — Minneapolis-Honey well V155A electric valve. 


2. SERVICE and OPERATION 

1. Minneapolis-Honeywell V155A Electric Gas Valve. 

a. There may be an accumulation of tar or gummy material on the 
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valve seat after the valve has been in operation for some time. It 
may be easily cleaned by loosening the large union nut at the bot¬ 
tom of the electric power unit and laying the electric power unit back, 
niaking the valve seat easily accessible. Clean the valve seat and 
disc with a cloth and solvent. See figs. 1 and 2. 

h. Some valves may have wick type oiling instead of oil cups. In such 
cases apply a small amount of oil to the wick near the bearings.* 



Ficj. 2 — Manual operation of V156A valve. 


2. Main Burner Gas Pressure Regulator. 

a. Occasionally a regulator will stick shut due to tar or gummy ma¬ 
terial on the valve seat and disc. 

h. Disassemble the regulator as follows: 

1 . Remove the bolts holding the top housing to the regulator body. 


*NOTE—Do not oil any other part of the valve. 
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Remove the nut on top of the diaphragm, holding the stem with 
screw driver, and lift off the diaphragm. 

Measure the distance from the top of the bottom nut to the top 
of the valve ^tem and then remove the bottom nut. 

Remove the pipe plug from the bottom of the regulator body and 
take out the valve disc. 

Clean the valve disc and seat with a cloth and solvent. 

If the regulator diaphragm show evidence of damage, it must be 
replaced before reassembling. 

Vj^en assembling the regulator, turn the bottom nut, holding the 
diaphragm to the same position as measured in paragraphs 2, b^ 
3 above. 

Chattering in the regulator is caused by the vent being too large.. 
To correct this, close the vent slightly until it stops. 

If the regulator operate too slowly, it is likely caused by the vent 
pipe being restricted too much. This may be caused by the vent 
fine being partially plugged or being too small. 


3. Pilot Gas Pressure Regulator. 

a. If the valve in the pilot regulator stick, or the regulator fail to 
regulate, disassemble and clean the regulator as follows: 

1. Remove the six attaching bolts and lift off the cover and spring, 

2. Clean out the vent on the top of the cover. 

S. Unscrew the nut that attaches the diaphragm to the valve stem. 
If the diaphragm show evidence of damage, it must be replaced 
before the regulator is put back together. 

4. Remove the valve seat, using an H/fe inch socket wrench. 

5. Remove the valve seat and valve stem. Clean them with a cloth 
and solvent. If the valve seat gasket be damaged, it should be 
replaced 


h. Reassemble the regulator as follows; 

_ 1. Install valve seat gasket and assemble seat to body with the valve 

J; stem installed. Tighten valve seat with an inch socket wrench. 

I 


I 

I 

I 

I 

I c. 

d. 

. e. 

/. 
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2. Assemble diaphragm (smooth side down) over the valve stem and 

tighten the nut that holds it in place. ' 

3, With the spring in position, install the cover on the regulator body, i 
c. Adjust the regulator as instructed in paragraph 1 under Adjustment. I 

4. Automatic Pilot. 


a. If the pilot flame be shorter than normal, it may be due to dirt in 
the pilot orifice or dirt in the pilot gas line. 



PILOT 

msm 


eXPANSlON 

ELEMENT 


LIGHTER 

COIL 


Iburner 

PORT^ 


Fig. 3 — Janitrol JCJ-64 Automatic Pilot. 


6. Remove the pilot line by disconnecting the compression fittings at 
both ends of the line. Blow through the line to remove any dirt 
which may be in it*. 
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c. The orifice can be removed from the pilot by unscrewing the spud 
from the pilot. See fig. 3. In cleaning the orifice, care must be taken 
not to enlarge it. 

d. During the summer inspection, the slot in the burner riser and the 
burner port should be inspected and if dirty, they must be cleaned. 


ic. 4 — Remote lighter and main shut off valve. 
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A piece of metal slightly thinner than the width of the slot may be | 
used for cleaning the slot. If there be any dirt accumulated on the ' 
expansion element it must be cleaned off. 


5. Remote Lighter. 

o. It may be necessary to replace the indicator light bulb in the remote _ 
lighter after extended use. The bulb is a No. 51 Mazda bayonetl 
base type. “ 

b. The bulb may be replaced by removing the cover from the remote 
lighter. It is held in position by screws, at either end of the lighter. , 
Pull the cover from the lighter to replace the bulb which is inside I 
the cover. Caution! The other screws attach the lighter mechanisnl^ 
to the cover. They should not be removed when replacing bulb. ' 


6. Pilot Gas Filter. 

a. It is expected that the pilot gas filter will operate several yea»?> 
without service. 

h. Clogging of the filter will be indicated by shortened pilot flamej 
which will result in improper pilot operation. However, shorten^ 
pilot flames can be caused by pilot tube stoppage or a dirty pilot 
orifice. These things should be checked before removing the filta.^ 

c. If the filter become clogged, do not attempt to replace the filtering 
medium; replace the entire filter instead. ^ 


7. 24-Volt Transformer. 

a. The only service attention required for the transformer is replacH 
ment of the fuse in case it is burned out. A Bussman type 3AG-3 
amp. fuse or its equivalent should be used. Caution! The trans-i 
former should not be shortened while a fuse is installed as it will , 
result in burning out the fuse. Do not install any device to take the 
place of the transformer fuse as damage to the burner equipment ■ 
may result. 


M 
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BOILERS 

General Rules for Boilers. ^—This list is principally for 

hot water heating plants, with numerous troubles on ^ng. 

I 1. Do not build a fire until the entire system is filled with 
i water, which should be indicated on gauge glass of ex¬ 
pansion tank, or on the altitude gauge. Add enough water 
occasionally to keep at that point. 

2. Carry deep or high fire—^keep pot full. 

Let the coals come up to feed door and higher, as it slopes back. Do 
not nag the fire by frequent feeding in driblets, or often poking or 
shaking through the day. Feed, shake or clear grate at regular intervals. 

3. When feeding coal to boiler or shaking fire, choke damper 
should be open. Check draught damper and draught door 
should be closed. 

Oues. What is the object of this? 

Ans. It causes draught through the feed doorway and pre¬ 
vents escape of dust or gas into cellar. 

4. When no water temperature regulator is used, regulate 
boiler by dampers according to force of chimney draught. 

5. If water regulator be used, increase or decrease tem¬ 
perature of water to be steadily maintained in boiler by 

5 shifting the weight on bar. 

^ When regulator is set leave draught door alone (except when feed- 
I ing). Correct damper control of chimney draught is of greatest im- 
I portance in obtaining satisfactory and economical heating. 

I 6. In severe weather, give boiler most careful attention late 
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at night—clear the grate until bright underneath, and 
fill pot full. 

7. In mild weather (running with checked fire) care of hoik 
morning and night is usually enough. In extreme weather 
it may be necessary to feed more often. 

8. Do not leave feed door open in order to check fire (in mild 
weather or at night). 

Correct adjustment of the damper control will regulate the fire to 
supply just the right amount of heat needed. 

9. Do not let ashes bank up under the grate in ash pit. 

Grate bars are hardy, but it is possible to warp them by carelessnee^ 
Taking up ashes once a day is best rule, even if but little have fallen 
into pit. If convenient, have a water hose to spray ashes before 
taking up. 

10. Keep boiler surfaces and flues clean. Soot causes boiler to 
require much more fuel than when surfaces are clean. 

11. Do not overshake or poke fire in mild weather. 

Shake enough to make place for little more fuel. Never poke a hard 
coal fire from above. 

12. Fire should be cleaned regularly, especially in cold weather. 

Fuel is saved and the best heating results are obtained. Do not 
slice or poke fire from top; only use feed door for removing large 
clinkers. Do all cleaning through clinker door, or by shaking the 
dumping grate. 

13. If the fire do not burn evenly over the entire grate or 
seem sluggish in starting up after grates have been well 
shaken, a thorough cleaning is required. 

Ones. How is this done? 

Ans. This is done by allowing fire to burn down until a thin 
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layer of fuel is left on grate; shake well and remove all slate 
and clinkers left on grate, with slice bar and hoe. 

To start fire, first add a thin layer of fresh coal and feed the full charge 
of fuel only after this is burning briskly. 

14. If, by burning poor coal, the grate get covered with slate 
and clinkers massed together, quickest way to get an 
^ active fire is to dump grate. Then build an entirely new fire. 

[ 15. If hard clinkers lodge between the grate bars, do not force 
the shaking. Dislodge the mass with a poker or slicing 
bar; then grate will operate without breaking. 

16. A well arranged outfit, supplied with good chimney draught 
and good fuel, needs but little attention at regular times; 
the main things being that the supply of fuel, method of 
feeding and regulation shall always be based on weather 
conditions. 


Oil Burners 

Starting Oil Burner. — After installation has been com¬ 
pleted and all electric wiring has been checked carefully, 
proceed as follows to start burner. 

1. Make sure line switch is open. Set room thermostat at 
desired temperature. 

2. Remove gauge port plug from burner, set can at opening. 

Open valve on oil line, close line switch and allow burner to run 
until oil reaches gauge port plug. Open line switch and install pressure 
gauge. 
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Adjusting Oil Pressures.—Adjust oil pump pressure 
means of adjusting nut. Set pressure at 100 lbs. per sq. in. Open W 
switch, remove gauge and install gauge port plug. J 

Adjusting the Air. — This is done by loosening nut on air ^ 
inlet shutter. Adjust air so the flame has a dark orange color - 
with slight haze at tip of flame. Tighten nut on the shutter 
when desired adjustment is obtained. 

Oues. What should be noted about the air supply? 

Ans. Combustion can only be obtained and efficiently main¬ 
tained by sufficient air supply to furnace room. Therefore, • 
make sure ample outside air is supplied. 

This may be done by opening basement window or removing glas 1 
panels. Roughly speaking, about 10 sq. ins. of area is required p* | 
gallon of oil burned. ' 


Checking Draughts.—Draughts should be checked and 
set at about .02 to .03 inches at fire door. Always check draught 
by means of draught gauge. Where draught is not sufidcient 
make repairs or replacements to obtain same. 

Oues. What precautions should be taken? 

Ans. Be sime to remove hand damper from smoke pipe. Be 
sure to check all electric wiring and make siu« safety and 
ignition control is in operation. Always check with control 
manufacturer’s instruction. Check all pipe and oil lines for 
leaks. This should all be done before initial starting of burner. 


Standard Installations Requirements.—The standard 
industry requirements are as follows: 
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Oil burner must be of proper size for the boiler or furnace and con- 
ii6ctGd hcEting lo8,d. This should bo mEdG es pBrt of rocord on oil burnor 
certificate by the installer. 

Analysis of CO 2 in flue gas shall be 8% or more. Good reliable type 
draught control should be installed. Always remove hand dampers. 
Burner firing rate shall be in accord with recommendations of manu- 

: facturer for total connected heating load. Firing rate shall never exceed 
25% of minimum rate. 

Stack temperatures shall be taken on boiler side of stack about 10 in. 
away from connection. Temperatures to be taken at the certified firing 
rate. Temperature should be from 260° to 300° Fahr.—not 800° or over 
as with some cast iron boilers. 

While making combustion test, no visible smoke shall be emitted from 
the chimney. 

Service Helps.—If pump fail to deliver oil: 

1. Air leaks may be in inlet line from the tank or at valves 
and fittings. Check unused plugs on pump for tightness. 

2. Strainer may be clogged. 

Remove nozzle and clean strainer. At the same time, clean entire 
nozzle assembly. 

3. Pump may be frozen. 

Remove pump strainer and clean pump parts of foreign material. 

4. Tank may be out of oil or oil level may be below end of 
inlet line. 

5. Motor coupling may be broken or disconnected. 

6. Burner may be air bound. 

^ If one pipe installation, remove or loosen gauge port plug until all 
air has been removed from line. If necessary, loosen oil line from pump 
to nozzle until all air is removed. 

7. Check oil pump pressure with gauge. 

If pressure be 100 lbs. then remove fuel line and clean nozzle and 
strainer. Also clean carbon from electrodes. Reset electrodes according 
to recommendations. 
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General Maintenance. —^After winter operation, burner 
and controls should be thoroughly cleaned. 

1. Close valve on oil line at storage tank. Close line switch 
and let pump remove oil from intake line. 

2. Disconnect oil line at burner and remove burner from com¬ 
bustion chamber. Be careful not to damage combustion 
chamber. 

3. Disconnect fuel oil line and remove electrode assembly. 

Remove nozzle and strainer and clean. Clean carbon from electrodes 
by means of wire brush. Reset electrodes packing in accord with 
recommendations. 

4. Remove.protectorelay from smoke pipe and clean element 
with safe wire brush. Wipe clean. 

5. Have furnace or boiler and smoke pipe cleaned with suit¬ 
able brush and vacuum cleaner. 

Operating Instructions. —These instructions relate to gas 
burners in general and to the Consolidated CGU Series con¬ 
version gas burner in particular. 


1 ' 


To Shut Down Burner 


1. Close large valve in gas line and small pilot valve. 


I 


To Start Burner 


1. Set the thermostat below room temperature. [' 

2. Remove cover on model CGI burner by removing thumb i 
screws on each side of cover. 


3. Close both large valve in gas line and pilot valve if not 
already closed. 









Troubles, Service, Operation 


671 




; 4. Open furnace firing door. 

5. Open pilot valve. 

;6. Light the pilot with a long taper or a match attached to 
a wire or stick. 

a. If burner be a Model CGU (look at {date on side of cover) light 
the pilot through the fire door. 

b. If the burner be a Model CGI, the pilot should be lighted through 
burner duct. Do not attempt to light by reaching inside the fire 
box through the fire door. 

7. Open large gas valve in gas line. 

8. Push plunger on pilotstat, if burner be equipped with this 
type of pilot, after pilot is allowed to burn for two or 
three minutes. 

If burner be not equipped with pilotstat type of pilot, burner will 
be ready to operate automatically in about one minute after pilot is 
lighted. 

9. Replace cover on burner, if removed, and close furnace 
firing door. 

0. Set thermostat to desired room temperature. Bmner will 
operate as soon as the thermostat is set. 


[ Troubles and Causes with Oil Burners.—This is a very 
Comprehensive list as given by the American Radiator and 
^ndard Sanitary Corp. and was prepared for the Arcoflame 
b1 burner, but applies to oil burners in general. 

I As is the case with all mechanical and electrical equipment, 
i is recognized that occasional repair and adjustment may be 
1 icessarj; on any burner. The following list has been prepared 
! »aid the service man to quickly locate any trouble: 
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A—Burner Fails to Start. 

1 Is there oil in the tank? Are the valves open? 

2— Is thermostat calling for heat? 

3 — Are contact points making? 

^ clock thermostat, are tripping cams set properly? 
5~^Is boiler limit control on ‘"OFF" position? 

6— Is low water control on *‘OFF’' position? 

7 — Is stack relay in starting position? 

8 — Is stack relay off on safety? 

9 — Is motor protector tripped? 

10 — Is there power failure? 

11 — Are all oil burner switches closed? 

12— Is there power at the stack relay? 

13— Are any fuses blown^ 

14— Are any electrical contacts loose? 

15— Are stack relay contacts clean? 

I^—Does stack relay armature pull in by hand? 

17— Is the low voltage transformer in stack relay OK? 

18— Is the ignition OK? See—E—Items 1 to 7. 

19— Does ratchet slip on stack relay? 

20— Is pump turning? 

21 Has pump lost prime? Is oil reaching the burner? 
22—Is pump pressure high enough? 

23?Is nozzle or nozzle strainer clogged? 

24?Is suction line strainer clogged? 

25— If foot valve or check valve be used, is it open or 
stuck closed? 

26 — Is thermal element on stack relay sooted or burned? 

27 — Is thermostat cable grounded or water soaked? See 
B-1 

28— Are any motor bearings seized? 

29— Will burner run after starting by hand? Motor 
starting switch defective — High spot in pump or 
bearings. 

30 — Is water in the oil? 

31 — Is vent pipe trapped or clogged? 

32 — Is there sufficient draft? 

33— Is there sufficient ventilation in boiler room? 

34 — Is there a leak in suction line? 

35— Is pressure regulating valve or cut-off valve defec¬ 
tive? 
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B — Safety Trips While Burner Is In Off Position. 1 

1 — Are thermostat wires short circuited by staples or due to frayeffl 

insulation? I 

2 — Are thermostat wires water soaked? '1 

C — Burner Starts when Resetting The Safety Switch 
Fails To Continue To Operate. I 

1 — Are ignition contacts on relay OK? 

2 — Is Safety Switch in stack relay set too close? * 

3 — Does stack control heat element respond fast enough? 

4— Is there oil in tatik? Are valves open? 

5 — Is pump turning? 

6 — Has pump lost prime? Is oil reaching the burner? 

7 — Is nozzle or nozzle strainer dirty? 

8 — Is inlet line strainer dirty? % 

9 — Is there a leak in the inlet line? | 

10 — If check valve or foot valve be used, is it open or stuck closed? I 

11 — Is the oil pressure high enough? 1 

12 — Is pressure regulating or cut-off valve defective? I 

13 — Is the ignition OK? See — E — Items 1 to 7 ^ 

14 — Is water in oil? i 

15 — Is there sufficient draught? • 

D — Burner Starts But Fire Blows Out. 

1 — Is air supply excessive? 

2 — Is nozzle too small? 

3 — Is air or water in the oil line? 

4 — Is combustion chamber too long? 

5 — Is draught excessive? 

6 — Is air diverter set correctly? 

E — Burner Puffs When Starting. 

1 — Are electrodes located properly? Too far back or forward in oil spray^ 

2 — Is the gap too wide? 

3— Are the electrodes set too high or too low? 

4 — Are the electrodes shunted with carbon? 

5 — Are porcelains sooted or cracked? 

6 — Is transformer defective? J 

7 — Is nozzle dirty? Producing a one sided spray? * 

8— Is air or water in the oil? I 
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9—18 there an obstruction in smoke pipe or chimney? 

10— Is draught poor? 

11— Is there a down draught? 


F—Burner Starts and Stops Too Often. 

1— Is thermostat differential too small? 

2— Is thermostat heating element properly set? 

3— Is thermostat subject to vibration? 

4— Is thermostat located so as to be affected by cold draughts? 

5— Is thermostat near radiator, warm air register or kitchen door? 

6— Is boiler or furnace control set too low? 

7 — Is heat loss from house too rapid? 

8— Is fllame too large? Causing burner to go on and off on boiler control 
too rapidly 


E G—Burner Operates Too Long. 

r 1—Is thermostat differential too great? 

[ 2 — Is thermostat heating element properly set? 

i 3—Is thermostat set too high? 

I 4—Is there sufficient radiation? 

[ 5 — Is flame large enough? 

I 6—Is the combustion chamber proper size and shape? 

I 7—Is flame adjusted efficiently? 

[ 8—Are the flue passes sooted? 

I 9—Is the boiler water dirty? 

I 10—Is the boiler large enough for the load? 
i 11—Is the heating system functioning and designed properly? 
[ 12—Is the boiler shortcircuited? 

I 13—Does the boiler require baffling? 

14—Is the boiler and base insulated sufficiently? 


H—House Does Not Heat Satisfactorily. 

1— Is the thermostat set high enough? 

2— Is thermostat adjusted to correspond with thermometer? 

3— Is boiler or furnace control set too low? 

4— Also see—G—BURNER OPERATES TOO LONG—Items 4 to 14 

l—House Becomes Too Warm Before Burner Stop. 

1— Is thermostat adjusted properly? 
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2 — Is thermostat differential too great? 

3 — Is thermostat location satisfactory? 

J — House Becomes Too Cold Before Burner Stops. 

Same as I — Items 1 to 3 

K — Burner Fails to Stop. 

1— Is thermostat in cold location or set too high? 

2 — Is thermostat out of adjustment or defective? 

3 — Are thermostat contacts stuck together? 

4 — Is the thermostat of safety control circuit shortcircuited or grounded?] 
1>ERMOSTAT LIMIT COh4TROL 



Fig. 6 —Wiring diagram for 2633-2 White-Rogers diaphragm gas vave, Diagram ghows 
transformer and thermostat lines and connections. 
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5—Is electric wiring correct? 

^ Is relay stuck in closed position? 

L—Smoke Stack Gets Too Hot. 

1— Is flame too large for boiler? 

2— Is boiler short circuited? 

3— Is boiler too short? 

4— Are flue passes too large? 

5— Does boiler require baffling? 

j 6—Are flue passes scaled and sooted? 

7— Is draught excessive? 

8— Is boiler adaptable to oil firing? 

9— Is air leakage through boiler excessive? 

W—Boiler Does Not Deliver Enough Heat. 

See G-BURNER OPERATES TOO LONG Items 4 to U 

S—High Oil Consumption. 

1— Is oil consumption actually high? 

2— Is the room temperature carried too high? 

3— Is complaint made in severe cold weather? 

4— Dt^s owner waste heat, by leaving windows and doors open? 

0 —Is home poorly constructed? 

6— Is the boiler suitable for oil firing? 

7— Are the mains covered? 

I 8—Is excessive domestic hot water used? 

, 9-Also see G-BURNER OPERATES TOO LONG-Items 4 to 

' ^—Oil Odors in House. 

1— Are there any oil leaks? 

2— Does burner start with a pufl? 

causing after drip to soak front brick 
; 4—is flame adjusted with too much excess air? 

\ 5—Is flame smoky? 

there leaks around boiler doors, frames and smoke pipe? 

; 7— Does chimney leak into the house? 

^ 8—Is the furnace gas tight? 

[ 9—Is a damper partly closed? 

10— Is smoke pipe or chimney obstructed? 

11— Is draught poor or is there a down draught? 


















ConsolidttiecI CCttJ ^>urner clamp. 




























—Con»olid«toa CGIJ H«rieH kho burner clamp. 
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P-Noise and Vibration Complaints. 

1— Is disturbance due to tank hum? 

2— Are there any loose parts vibrating? 

tllsttTputrmecLrcSy St’""*''""’ 

' o‘’“S„p“3.?"> '»'» I" 

6 Do^ the fan scrape against fan housing? 

' the motor mechanically noisy? 

8—Does the motor produce a magnetic hum? 



9—Is the motor and pump lined up? ? 

^ produce a magnetic hum’ ' 

Is the flame noisy due to improper adjustment? 

^Smpky Flame. 

1-Is air shutter properly set to supply sufficient air? 
i-Is air diverter correctly adjusted? 

readingf ‘ ^ minimum of .02 inches per draught gauge 
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4 — Is air opening, or fan, clogged with lint and dirt? 

5 — Is a damper closed, or any obstruction or defect in smoke pipe or 
chimney? 

6— Is nozzle dirty? 

7 — Combustion chamber too large? Too low? 

8_Does flame impinge against relatively cold metal surfaces? 

9 — Is pump pressure o. k. for oil use? 

Ip—Does oil meet required speciflcations? 

R—Flame Rumbles. 

1— Does pressure regulating valve cut off snappy? 

2— Is smoke pipe, chimney flue passes too small, obstructed, or has it 
too many bends? 

3— Is the air shutter and air diverter properly adjusted? 

4 — Is boiler overfired? 

5 — Clean or try new nozzle. 

0_ls the combustion chamber properly designed? 

7— Does the oil meet required speciflcations? , . 

8 — Provide secondary air into flre-box. Around or under draught tube,or1 
other suitable inlet. 


I‘ 
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__ Pipe Covering 

CHAPTER 43 

Pipe Covering 




bating lines. Made^of ^alternate f^pfairT steam and hot water domestii 

resistant, rendering the insXion non shrin'^^g felt*, moistur, 


stem^ Fortemj^^atwel urt^ 300 °''Fthr® Si^e^i- %'T “''f.'''"* /oe residential heating 
eight H in. pli^ * ^ sections in thicknesses for two 




















pjG^ 3 — 85% magnesia blocks for temperatures to 600° Fahr. Used for insulating flat, 
curved or irregular surfaces. These blocks are for insulating boilers, heaters and hot watW' 
tanks. All domestic boilers other than the jacketed type which are insulated by tlW; 
manufacturer should be insulated with at least 1 H ins. of good insulating materii|( 
Standard sizes 3 X 18; 6 X 36 ins. flat or curved from H to 4 ins. thickness. ^ 


Fig. 4 — Method of insulating a domestic cast iron boiler. Cut shows Johns-Manville I 
magnesia blocks applied and being covered with cement. 















Natural Ventilation 


683 


f 

CHAPTER 44 

Natural Ventilation 


Historical.—Ventilation, now a science, with a majority of 
phe people in the United States dependent upon its operation 
for their health and well being, developed slowly as did other 
Idences. Two thousand years ago there was no need whatever 
or ventilators because the majority of the people lived in a 
rarm climate where doors and windows were open most of the 
ime. Those few who lived in colder climates had a hole in the 
oof, above the fire which kept them warm. 

This hole in the roof was the forerunner of our modern ventilators. 

, The warm light air from the fire rose through this hole, taking out the 
majority of the smoke and inducing a draught which constantly changed 
the air in the room. Furthermore, the houses were not tightly built and 
ventilation took care of itself through chinks and cracks. 

Castles and citadels were the only buildings large enough to present 
any real problem in ventilation. Holes were cut in the roofs haphazardly 
j to solve the problem. In some, large ducts or areaways were built to lead 
up to these holes. Of course rain, sleet and snow entered the building 
^ through these holes at every storm. 

Hundreds of years passed without any further attempt at ventilation. 

^ When factories came into existence in the latter part of the 19th century 
many people were brought together in one room.'Little thought was given 
to ventilation the only object being to keep the outside weather from 
entering the building. With these conditions ventilation almost dis- 
(Appeared and was not again brought to public attention until the foul 
. polluted atmosphere started plagues among the workers. 
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About 1875 people began to devise ways to get this foul 
air out through the roof. In most cases this was only a hole 
covered by a flat or conical piece of metal. This did not keep 
out rain or snow when any wind was blowing. ^ 

^ In many cases the design of the covers hindered the ventila¬ 
tion and at best, they did not work until temperature condi¬ 
tions were right. The air inside the room had to be much warmer 
than that outside before the vitiated air would move out 
through the passage provided. 

‘ Further attempts to exclude the weather resulted in the in¬ 
stallation of stormbands and louvres, most of which hampered ^ 
the air passage until there was practically no ventilation. 

Engineers, realizing the importance of ventilation to the ^ 
rapidly growing factories, started to work and at the beginning ^ 
of this century developed a scientific product. 

! By definition ventilation is: The process of supplying or 
removing airy to or from any space. Such air may or may not ‘ 
have been conditioned. 

i 

Owes. Name two methods of supplying or removing the air.^ 

Ans. By 1. Natural, or 2, mechanical means. 

The Motive Force—The force which causes the air to move 
as indicated by the answer just given may be due to naturd v 
causes or to mechanical means. ^ 

^ In the first instance the ventilation is called natural ventilation. This 
kind of ventilation finds application in industrial plants, public buildings, 
schools, garages, dwellings and in farm buildings. 

: 

There are two natural forces available for moving air into, 
through and out of buildings: 
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1. Induction. 

2. Thermal effect. 

The inductive action is due to the wind force, and the 
thermal effect, to difference in temperature inside and outside 
a building—this is in fact the same as chimney effect. The air 
movement ma,y be caused by either of these forces acting alone 
or by a combination of the two, depending upon atmospheric 
conditions, building design and location. 


Oues. What is the nature of the ventilating results thus 
obtained? 

Ans. They will vary, from time to time, due to variation in 
the velocity and direction of the wind and the temperature 
difference. 


Ones. Upon what does the wind ventilating effect depend.^ 
Ans. Upon its velocity. 


In almost all localities the summer wind velocities are lower than those 
In tne winter. 

u places where the wind velocity falls below one 

” .-1 for many hours per month. Accordingly if a natural 

ventilating system be proportioned for wind velocities of one half of the 
average seasonal velocity, it should prove satisfactory in almost every case. 


Oues. In considering the use of natural wind forces for 
producing ventilation, name four conditions which must be 
considered. 

Ans. 1. Average wind velocity; 2, prevailing wind direction; 

I 3, seasonal and daily variations in velocity and direction; 4 
local wind interference by nearby buildings, halls or other 
j: obstructions of similar nature. 

I_ 
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Inductive Action of the Wind — When the wind blows 
without encountering any obstruction to change its direction, its 
movement may be represented by the series of parallel arrows 
as in fig. 1. The arrows indicate the direction of flow. Under 
such conditions the pressure may be considered as constant 
throughout the air stream. 

Now if the air stream meet an obstruction of any kind such 
as a house or ventilator, these parallel air lines will be pushed 

‘ -- ■* — “ ———•10 

—------ 1 - ^9 

*-- -- -- -- - —8 

--- NATURAL FLOW—-- 


OF THE WIND 

. . -- -- - - -- —0 

- - PRESSURE CONSTANT --4 

---- -- - -- - - - 3 

------- ^2 

*■■■■ . . .. " ■ - ^ - I 

1—Natural flow of the wind (pressure constant) when there is no obstruction to change 
its direction. 


aside as in fig. 2, crowding each other at points A and B, curving 
back on the sides of the obstruction and curving inward past 
points C and D to their original parallel positions. 

A vacuum is here formed as indicated by the “suction” lines. 
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I This vacuum or reduction in pressure is what causes inductive 
^ action. 


Owes. How is a ventilator constructed to make this inductive 
action effective for ventilation.*' 

Ans. Fig. 3 shows the two essential parts of a simple venti¬ 
lator; head and connecting flue. The head is open at one end 
and closed at the other and in actual construction pivoted to 


10 



Fig. 2 Result when the air stream meets an obstruction as a house or ventilator. 

i 

4 

t 

Wtate guided by a vane so that the closed end always faces 
the wind. 

* 

1 Ques. How does it work.? 

- Ans. In fig. 3, as shown, the closed end forms an obstruction 

■ 
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which changes the direction of the wind expanding at thel 
closed end and converging at the open, producing a vacuum^ 
inside the head which induces an upward flow of the air throu^ l 
the flue and out through the head. This is the inductive action | 
of the wind. 



Thermal Effect — The stack, that is to say the “flue effect” 
(fig. 5) produced within a building when the outdoor tempera¬ 
ture is lower than the indoor temperature, is due to the differ¬ 
ence in weight of the warm column of air within the building, 
and the cooler air outside. 

The flow due to “stack flue effect” is proportional to the square root 
of the draught head, or approximately 
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[ Q = 9.4 A'v//i(t-to) 
in which 

Q = air flow, cubic feet per minute. 

A = free area of inlets or outlets (assumed equal) square feet. 

h = height from inlets to outlets, feet. 

t = average temperature of indoor air in height h, Fahr. degrees. 

to = temperature of outdoor air, Fahr. degrees. 

9.4 = constant of proportionality, including a value of 65% for effec¬ 
tiveness of openings. This should be reduced to 50% (constant = 7 2) if 
conditions be not favorable. 

To explain the thermal effect, which is virtually the same as 
induced draught, we give the definition: Induced draught is: 
A form of draught accelerated by the effect of an enclosing structure 
such as a chimney, or as in ventilation, the stack {flue) of a ventilator. 

A typical thermal effect induced draught is shown in figs. 4. 
and 5. To make this plain, consider a closed fine (stack) or 
chimney of considerable height. 

Ques. Why does the chimney (flue) induce a draught or 
*'draw*' as they call it.^ 

Ans. To illustrate, in fig. 5, consider a stack for induced 
draught, cool at bottom and hot at top. Each unit of air in 
traversing the stack will expand as the temperature increases 
and becomes lighter. Let the little cube A, represent 1 lb. of 
air, and suppose as it rises the following changes take place: 

initial volume 8 expansions 16 expansions 
then the corresponding weight of the initial volume decreases to 

Ke 


1 


Vs 
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INDUCED DRAUGHT 



Figs. 4 and 5—Diagrams to accompany text explaining principle of induced draught. In fig. 
5, volumes B and C, represent expansion of the original volume A. 




























































Natural Ven tilation 691 

Accordingly the sum of the weights of unit volume in ascending is 
1 + H + He = IHe lbs. 

Now on the outside of the stack the volume and weight of 
each unit of air remain the same so that considering three 
I units a, b, c of decreasing weights in the stack, there are three 
I units of a' 6' c' of constant weight outside the stack; the total 
I weight outside the stack being 3 lbs. and only 1^ lbs. inside the 

I I stack. Accordingly, the downward force (3 lbs.) outside the 
stack being greater than that in the stack, the heavy nnits 
a' 6' c' push the lighter units a, 6, c up and out of the stack, 
thus inducing a draught as indicated by the lever scales in 
fig. 4. 

Combined Forces of Wind Effect and Thermal Effect. — 
It should be noted that when both forces are acting together, 
even without interference, the resulting air flow is not ^ual 
to the sum of the two estimated quantities. The flow through 
any opening is proportional to the square root of the sum of 
the heads acting upon that opening. 

When the two heads are equal in value and the ventilating openings 
are operated so as to co-ordinate them, the total air flow through the 
building IS about 10% greater than that produced by either head acting 
Independently under conditions ideal to it. This percentage decreases 
rapidly as one head increases over the other, and the larger will pre¬ 
dominate. 

wind velocity and direction, the outdoor temperature, or 
the indoor distribution cannot be predicted with certainty and 
refinement in calculations is not justified; consequently a 
^simplified method can be used. This may be done by using the 
[equations and calculating the flows produced by each force 
i separately under conditions of openings best suited for co¬ 
-ordination of the forces*. 



"‘I '® at length m Heating. Ventilation and Air Conditioning 

Gmde (Society of Heating and Ventilating Engineers, 1946 Edition page 178). ^ 
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Roof Ventilators.—^The function of a roof ventilator is to 1 
provide a storm and weather proof air outlet. For maximum ’ 
flow by induction the ventilator should be located on that a 
part of the roof where it will receive the full wind without | 
interference. i 

Ques. What happens if ventilators be installed within ] 
vacuum region created by the wind passing over the building! | 
or in a light court, or on a low building between two high 
buildings?* 

Ans. Their performance will be seriously influenced. i 

Their normal ejector action, if any, may be completely lost. 

Ques. How should the base of a ventilator be designed to 
provide the effect of a bell mouth zoggle which gives con- ; 
siderably higher flow than that of a square entrance orifice? 

Ans. It should have a taper cone shape. 

Ques. How about air inlet openings located at low levels 
in the building? 

Ans. They should be at least equal to and preferably larger 
than the combined throat areas of all roof ventilators. 

Ques. What are the advantages of natural ventilation units? 

Ans. They may be used to supplement power driven supply 
fans, and under favorable weather conditions it may be possible 
to shut down the power driven units. 

*Notb. — Inductive action, vacuum, etc., explained under “Inductive Action of the 

Wind” pnge 686. 
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Types of Roof Ventilators.—Roof ventilators are made in 
a vanety of shapes and styles. These various types may be 
classed as: 



Fig. 6—Stationary head tyf>e ventilator 

1. Stationary head, 

2. Revolving, * 

3. Turbine. 

4. Ridge. 

5. Syphonage. 

Stationary Head Ventilators.—More ventilators fall under 
his type than possibly any other and when well designed i 
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it is usually considered the most efficient type of gravity ven- n 
tilator. The chief advantages of this type are: 

1. Higher exhaustive capacity under all wind conditions. 

2. No moving parts. 

3. Quiet operation. 

4. Requires no upkeep attention. 

A ventilator of this type is shown in fig. 6. 



Fig. 7—Revolving ventilator—it swings on a pivot. 

Revolving Ventilators.—The essentials of this type are 
shown in fig. 7. 

Ques. How does it work? 

Ans. It swings on a pivot, aided by the wind vane so that 
its open end points away from the wind. The inductive action 
of the wind in passing around the head, draws air out of the 
building. 
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L In general, this is not so efficient as the first type, although it has 

I general use. 

\ Ques. What are some of the disadvantages of this type? 

^ Ans. 1. Low capacity in still air; 2. If the pivot bearings 

^ stick so that the head cannot follow the wind, it fails to exhaust 
[ air, in some instances even admitting air, rain or snow. 3. It 
; frequently becomes noisy, creaking when changing direction. 



Fig S^One type of turbine ventilator, fn aperatinn, as the top revolves, these blades draw- 
the air outward. 

4. It requires attention to overcome these last two disadvan¬ 
tages. 

Turbine Ventilators.—Fig. 8 represents one type of tur- 
vine ventilator. On its top is a series of vanes which, from the 
force of the wind cause the entire top to rotate. Fastened to the 
top on the inside and placed in the air outlet openings is a series 
^ of propeller blades. 
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Ques. How does it work? 

Ans. The wind rotates this head, the blades drawing air up 
the shaft and exhausting it through the blade openings. 



Fig. 9—Another type of turbine ventilator, this type of construction is subject to several 
limitations as explained in the text. 


Oues. What are the general limitations of this type? 

Ans. As the top revolves, these blades draw the air outward. 

Ques. What are the principal disadvantages of this type? 
Ans. They are: 1. Low capacites in quiet air; 2, its capacity 
is lowered if the pivot bearings do not turn freely; 3, it is apt 
to become noisy as is any heavy rotating body which cannot 
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accurately be kept in balance; 4, it requires service attention 
in oiling, cleaning and eventually replacing bearings. 

Oues. Describe another turbine type. 

Ans. As shown in fig. 9, it consists of a globe shaped head 
composed of vane blades as illustrated. 

Oues. How does it work? 


Ans. The wind rotates this head, the blades drawing air up 
the shaft and exhausting it through the blade openings. 

Oues. What are the general limitations of this type? 

Ans. 1. Wind impact on the vanes allows outside air to enter 
the head on the windward side which must be exhausted, 
together with air from the building, on the leeward side. This 
somewhat decreases its. efficiency inasmuch as the head must 
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handle both volumes of air; 2. It is apt not to be rainproof! 
when the head is not turning; 3, its moving parts involve a I 
service problem in oiling, keeping bearings free and the re- 1 
placement of worn parts. | 

Ridge Ventilators. —Fig. 10 shows a sectional view of a I 
ridge ventilator which is installed along the entire roof ridge : 
of the space to be ventilated. 

Oues. Describe this ventilator. 

Ans. In reality it comprises a valve in the top of the build¬ 
ing which lets the warm air out as it rises to the roof. 

Ques. What are its advantages in certain types of building) 
construction? 

Ans. 1. It lets warm air out of the building at the highest 
point; 2, it allows an even air outlet distribution along the; 
length of the building; 3, it has a pleasing uniform appearance,] 

Ones. What are its disadvantages? 

Ans. It does not take full advantage of wind action unless 
the wind direction be almost directly across it; 2, it involves a 
somewhat cumbersome damper; 3, it involves a somewhat 
difficult installation problem in building modernization. 

Syphonage Ventilators.—The external appearance of this 
type ventilator is shown in fig. 11. 

Oues. Describe its construction and operation. 

Ans. Wind causes a flow of air upward through a duct 
which is concentric to and parallel with the ventilator shaft 
extending from the building. Both these air passages ter- 
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minate m the ventilator head and the upward flow of the 
outside air creates a syphonage action drawing the build ng 
jair upward with it, both air streams exhausting through thl 
i head. This ventilator is simply a stationary unit with an 
; auxiliary air passageway to obtain the syphonage action. 



ventilator acta by induction, drawing the building 

Oues. What is its chief disadvantage? 

Ans. The head must be designed to eject not only the 

air flow from the building due to the fact that egress from the 
head is usually somewhat restricted. 

Fan Ventilators.—The cutaway view fig. 12, shows the fan 

increases the ventilating capa- 
City when the fan is in operation. 

Ones. What are the chief advantages of the fan ventilator? 

inu^'^ ventilator when the fan is not 

m use, 2, It has a great capacity when the fan is operated - 3 it 
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can be used on any building, regardless of access to wind flow; 
4, it can be spotted directly over any point at which ventilation. 
is badly needed; 5, it can be used on duct work flues to give! 
greater capacities when friction losses are relatively large. ^ 

Component Parts of a Roof Ventilator.—These are 
shown in fig. 13. Air from the building enters the ventilator 
, through the hose. 

Owes. What is the base? 



Fig. 12—Sectional view showing fan ventilator. Evidently this is forced draught by meaia 
of a fan. 


Ans. This is the connection between the roof and the ven¬ 
tilator proper. 

Owes. What provision is made around the inside bottom 
edge of the base and why? 

Ans. There is usually provided a trough which collects any 
condensation occurring in the ventilator, drawing it out to the 
roof. 
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As bases are made to fit either a round or square opening and to con¬ 
form to the shape and slope of the roof, they are essentially tailor made 
for each installation. 




Ones. Describe the upward flow of the air through the 
I ventilator. 



VENTILATOR PARTS 


Pig. 13—Component parts of a roof ventilator as described in the text. 


Ans. After leaving the base, the air passes through the 
barrel or neck of the ventilator which is merely the lower 
section of the head. It then enters the head proper and is 
exhausted to the outside air through the openings between 
louvres. The top of course, covers the opening in the roof. 
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Oues. What is the wind band? 

Ans. This is the vertical band encircling the ventilator head. 
Oues. What is the air shaft? 

Ans. The entire passageway through the ventilator from the 
roof to the top of the barrel is referred to as the air shaft. 

Oues. What are dampers? 



Fig. 14—Mean temperature difference inside and outside. 


Ans. These are mechanical devices for closing the air shaft. 

They assume a number of forms, some being as indicated in the ac¬ 
companying illustrations, the sliding sleeve, inverted cone, hviterfly and 
louvre. 

Motive Force to Cause Air Circulation. — There are two 
agencies which form the motive force to cause air circulation: 

1. Temperatures difference inside and outside the build¬ 
ing giving a chimney effect. See fig. 14. 
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2. Inductive action caused by wind blowing against the 
ventilator described more in detail in the matter 
following. 

Capacity of Ventilators.—There are several factors which 
must be taken into consideration in making a selectiop of tfie 
proper ventilator for any specific problem. They are: 

1. Mean temperature difference. 

2. Stack height (chimney effect). ^ > 

3. Induction effect of the wind. 

4. Area of opening in the ventilator. 



FlO. 16—Stack height upon which depends the “chimney effect”. 

Oues. What is the mean temperature difference? 

Ans. This means the average temperature difference between 
;he air inside and outside of the building. If the ventilating 
)roblem be essentially a winter one, this difference may be as 
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much as 40° Fahr. while in summer when doors and windows] 
are open, this difference will probably drop to about 10° Fahr.1 

Ques. Explain the stack height? 

Ans. This is the height of the column of warm air which 
caiis^s the chimney action of the ventilator. It is measured in 
f^t'frdin the floor of the building to the top of the ventilator 
barrel. 

Ones. Explain the inductive action of the wind. 





-—-- 

WIND 

VELOCITY 

Fig. 16 Alleged suction” action of the wind as it passes over the ventilator. 



Fig. 17—Factor governing the capacity of gravity ventilators. Most important is the 
diameter upon which depends the area of the inlet air opening. 
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Ans. This is the effect of the wind as it passes over the 
ventilator in inducing a circulation of air—out of the building. 

Oues. How about the area of the opening of the ventilator? 
Ans. This is determined by the rated size of the ventilator 
expressed as the inside diameter of the barrel in inches. 



Secondary Factors for 
Gravity Ventilators. — Of 
the several other minor 
factors, there is only one to 
which close attention is 
necessary. This is the area 
of the inlet air openings. 

The action of a roof venti¬ 
lator is to let air escape from 
the top of a building. This 
naturally means that a like 
amount of air must be ad¬ 
mitted to the building to take 
the place of that exhausted. 
The nature, size and location 
of these inlet openings is of 
importance in determining the 
effectiveness of the ventilating 
system. 


Fig 18—Open areas at B should be twice that at A. 
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0«es. What form is usually given to the air inlets? 

Ans. They are often made in the form of louvred openings 
located near the floor line, but more often they consist of the 
building windows. In general there are three factors here which 
should be watched: 

1. The area of the air intakes should at all times be twice that of the 
combined air shaft area of all ventilators. By keeping this relation, 
the full capacity of the ventilators will be realized, the velocity of 
the incoming air will be low, lessening danger from draughts in the 
building. Any back draught down the ventilator itself will also be 
eliminated. 

2. These inlet air openings should be so distributed as to allow the 
admission of fresh air to all parts of the building. 

3. The air inlets should be as close to the floor as practicable so as to 
bring the incoming fresh air into the breathing zone. 

A careful study of and planning for these three items will assure an 
entirely effective ventilating system. 

Fresh Air Requirements for Various Rooms and Build¬ 
ings. — The following table of necessary air changes offers a 
guide as to the amount of air required for efficient ventilation. 
This information should be used in connection with the Ven¬ 
tilator Capacity Tables in the proper selection of the number 
and size units required. 

Where two figures are given for one type of building, use 
the smaller figure when conditions are normal and the larger 
figure when they are abnormal. 

Certain buildings are better figured on a c/m per occupant 
basis. Their requirements are given in this manner. 
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Fresh Air Requirements 


Type of Building or Room 

Attic Spaces (For Cooling! „ 

Minimum 

Air Changes 

Per Hour 

12 - M 

CFA 

Per Minute 
Per Occupant 

Boiler Rooms . 

- 1 fc * 1 J 


Churches, Auditoriums * * 

1 > • tU 

g 


College Class Rooms 


ZU - JV 

Dining Rooms (Hotel) . 

Engine Rooms . 

5 

d a 

aj * jy 

Factory Buildings (Ordinary Manufacturing) 

Factory Buildings (Extreme Fumes or Moisture) 

. ^ - o 

2 - 4 
- 10-15 


Foundries . 


Galvanizing Plants . 

I ? • jiU 

- 20 - 30* 

. 20-30 


Garages (Repair) . 


Garages (Storage) . 


Homes (Night Cooling) .... 

Hospitals (General) ....... 

^ • o 

9 - 17 


Hospitals (Children’s) ..... 

Hospitals (Contagious Diseases) __ 


35 - 40 

Kitchens (Hotel) .. .•. 

Kitchens (Restaurant) ... 

10 - 20 

1 n 70 

oK) - 

Libraries (Public) . 

1 u - Zv 

4 

10 - 15 
15-20* 

4 


Laundries. .. 


Mills (Paper) ... 


Mills (Textile—General Buildings) 


Mills (Textile—Dyehouses) .... 

Offices (Public) . . 

15 - 20* 

3 

4 


Offices (Private) ... 


Pickling Plants . . 

10 - 15** 

5 


Pump Rooms _ 


Schools (Grade) _ 


15 - 25 

30 - 55 

^hools (High) 


Restaurants ..........; 

8-12 

Shops (Machine) ..-... . 

5 


Shops (Paint) .... 

15 - 20* 

5 


Shops (Railroad) .... 


Shops (Woodworking) ... 

5 


Sub Stations (Electric) .... . „ 

5 - 10 


Theatres . .. 

10 - 15 

Turbine Rooms (Electric) 

5 - 10 


Warehouses ..... 


Waiting Rooms (Public) _ 

4 



* Hoods should be installed over vats or machines. 

Unu Heaters should be directed on vats to keep fumes superheated. 


Ventilator Bases — By definition a ventilator base is: A 
mUection between the other elements of the ventilator and the roof. 
They must be tailor made to fit the contour of the roof and the 
opening on which they are to be mounted. Their design and 
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Note IDienacrLsion O showa lap of base into bead, stack or fan section; E, roof pitch. 
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construction is important, particularly in ventilator sizes and 
types where weight and wind resistance are high. 

Gauges of metal are used which assure rigidity and strength. Rein¬ 
forcement is added where needed. Flashing flanges are amply wide to 
assure rigid, weather-tight joints which will not leak when properly 
fastened and flashed to the roof. All seams are well riveted, soldered or 
doped (the latter in asbestos protected steel) to assure storm-tight joints. 
All connections to roof and to next adjacent ventilator unit (head in 
gravity unit; fan section in fan unit) are designed for 75 m.p.h, wind 
velocity as standard or 100 m.p.h, optional. 



T 


^iG. 25— Burt standard square base, curb. 

Since the outside sheet metal surfaces of ventilators are exposed to 
atmospheric temperatures and the inside surfaces to room temperature, 
there is frequently a tendency for condensation to form on the inside 
surfaces. 

In order to minimize the possibility of condensate drip into the venti¬ 
lated space, condensate gutters may be provided to drain the water to 
the outside of the ventilator. 

Ques. How are condensate gutters usually located and why.^ 


Ans. At the extreme lower edge of the base where as little 
Rrater as possible can get past them. 
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In figs. 19 to 21 they are standard but can be omitted if a duct is to be 
fitted into the lower end of the base with which the gutter would interfere. 
Examples of square bases are shown in figs. 22 to 25, but these are special. 
In either type drains from the gutter to the roof are ample for drainage; 
and to prevent clogging. 

In ventilator sizes and types where weights are not great, bases are 
lapped into the next adjacent unit above. In order to properly position 
the units and to add stiffness, a swedge is provided in the base against 
which the next adjacent unit seats. 

In larger ventilator sizes where they add greatly to strength, 
rigidity and ease of erection, angle rings are used to connect 
the base to the next adjacent unit (ventilator head, fan section 
or stack). 

In certain instances a one-ring connection is used with the upper edge 
of the base lapping into the next adjacent unit which rests upon the 
angle ring. The bolted connection is made through the sheet metal lap. 
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screws T^-® ^ connection 

screws or bolts. When angle rings are provided, swedges are not used. 




TWO RING 
CONNECTION 


30 and 31-Angle rings Fig. 30, one ring connection; fig. 31, two ring connection. 



nOUND BASS 

32 and 33 — Stiffener anf^les. 



SQUARE BASE 


;n certain other instances, a two ring connection is used, 

1 nng at the top of the base, another at the bottom of the 
lacent unit. 

»»JJ!?,®i fo™ a flanged connection and are bolted together. In 

n riveted to the bases to 

^ m T, Wnnd assembly for wind velocities of 

p Tn.pM, standard or 100 nn.p.h. optional. 
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In conjunction with angle rings in certain applications where 
the sheet metal needs reinforcing, stiffener angles are provided. 

These lie vertically along the outside of the base surface at quarts 
points and extend from the angle ring at the top to the outer edge of the 
roof flange at the bottom. They are riveted to the base sheet metal and 
welded to the angle ring. Bolted connections through these portions of 
the stiffener which lie along the roof flange to the curb or framing member 
below provide rigid structural members through which load is carried to 
roof structure. 

Where applicable and with certain types of dampers a small 
clip can be supplied, riveted to the base as shown. The damper 



Fig. 34 — Base chain clip. 


chain drops through this clip and can be locked at any point 
to properly position the damper. 

This clip is useful when the damper is to be operated from a point 
directly below the ventilator since it avoids the use of pulleys and com¬ 
plicated chain arrangements. 

Ventilator Dampers—These are made in a variety of types 
from the single disc butterfly to the multi-blade louvre, which 
have been designed to allow a flexible and reliable means of air 
movement control. 
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j Ques. What kind of controls are used? 
i Ans. Some types can be controlled only by hand chain, 
others may be remotely operated through the use of damper 
I control motors of the electric or compressed air type. 


DAMPERS 



SLEEVE 


BUTTERFLY LOUVRE 

Figs. 35 to 38—Various forms of dampers. 

Oues. How is a tight seal obtained? 

Ans. A damper ring is provided which prevents the passage 
of air when the damper is closed. 

^ Ques. Name the principal types of dampers. 
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Ans. 1. Sliding sleeve; 2, fire retarding cone; 3, single 
butterfly; 4, divided butterfly; 5, louvre. 

Louvre Dampers—Fig. 39 shows general appearance of a 
louvre damper. It is considered the best type for controlling air 
flow. Louvre dampers offer little resistance to the passage of 
air and in a partially open position create little turbulence in 



Fig. 39—Burl louvre damper and control housing mounted on free flow ventilator. 


the air stream. Multi-bladed, the blades on one-half open up, 
those on the other half open down. 

The center blade is double width and its edges are connected to adjacent 
blades by clips and bars. The spacing of the blades along the connecting 
bars has been closely studied in order that the blade edges shall seat 
tightly on the damper ring when closed. This damper ring also allows all 
the blade pivot bearings to be placed inside of the ventilator airshaft, 
away from the weather. It also eliminates holes through the airshaft 
which might leak air and rain. Blades are regularly weighted so that the 
damper is automatic closing. Any type of control may be used. 

Sliding Sleeve Dampers—This type is frequently used for 
gravity ventilators. 
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Oues. Describe its features. 

Ans. In construction it closely fits the under-circumference 
of the ventilator airshaft and operates vertically as shown in 
g. 40. It occupies almost no space in the airshaft and offers 
no resistance or turbulence to the air stream in any position 
Its normal position is open, and with a fusible link, it can be 

^ as an automatic opening damper where there is need for 
I such a control unit. 



Oues. Name one advantage of this damper. 

Ans. Due to its vertical sides there is no tendency for dust 
or dirt to accumulate. 


Pk. 40 Burt 8le<*\e damijer in standard gravity ventilator. 


Oues. How is this damper operated.? 
Ans. By chain only. 


Radial spiders keep the damper cylindrical, the operating chain at- 
ft” ^ spider, passing upward through a pulley fastened 

feated ' ’ ” a spring clli k 
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i 

Ones, What is the object of the spring clip? I 

Ans. The clip enables the damper to be positioned at any | 
point between open and closed. | 

Sliding Cone Dampers — As shown in fig. 41, a sliding j 
cone damper consists of a cone with apex down and with a j 
flared outer rim which seats on the upper edge of the airshaft 1 
when closed. This directs the air stream to the outlet openings 


Fig. 41 — Burt cone damper in standard gravity ventilator. 


of the ventilator, lessens turbulence in the ventilator head and 
in consequence increases capacity. 

Oues. Describe the placement of the operating cone. 

Ans. From the apex of the damper the operating chain 
passes upward to a pulley located below the finial, then down¬ 
ward through a slot in the cone to a pulley located on the 
inside of the airshaft, then through the base to the building 
below. 
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When used in connection with the fusible link, 
automatic closing fire retarding unit. 


this damper becomes an 



Butterfly Dampers — There are two types of butterfly 
dampers; single disc and divided disc as shown in figs. 42 and 
43 respectively. The single disc edges seat tightly against the 
ring channel preventing leakage when closed. When operated 
by hand chain, they are normally counter-weighted to close, 
but can be supplied weighted to open when required. 


fiG. 42—Burt roof quadrant on single disc butterfly damper. 


j Ques. What is the application of the divided butterfly 
1 damper.** 

I Ans. It is used in sizes which prevent the use of the single 


Oues. Describe details of the divided butterfly damper.** 

Ans. Its wings swing upward, pivoted on two rods whose 
ends bear in the damper ring channel on which damper edges 
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seat tightly. Operation of both wings by only one chain is''| 

secured as shown in fig. 43. I 

: j 

Butterfly dampers, single disc and divided, are the only type of dampers I 
which can be successfully used in ventilators constructed of asbestos j 
protected steel. In this material the damper ring is omitted and the i 
pivot rods are mounted on brackets secured to airshaft wall. ;j 


Method of Calculating Number 
and Size of Ventilators Required 


Fig. 43 — Burt butterfly divided damper in free flow ventilator. 


1. Determine the gross volume of the interior of the building in cubic . 
feet by multiplying its length by its width by its height. 

2. Determine the number of air changes per hour required for the i 
particular type of building in question. This can be found by referring \ 
to the tables given in the “Typical Installation’' section. 

3. Find the total number of cubic feet of air per hour necessary for J 
the ventilators to exhaust by multiplying the number of changes per ^ 
hour by the volume of each change or 1 X 2. 












Natural Ventilation 


719 


4. Reduce this cubic feet per minute c.f.m. by dividing by 60. 

.V a gravity ventilator is about 10-15 feet in 

if the'^^dth o/tb®i®"fi-’' and 16-25 feet in the direction 

tLf building, where air is being admitted on the sides so 

f® the roof, using these’re- 

will be req^Sd™*"'"^ ventilators which 

K*^ building be divided into bays, one unit is usually placed in 
each bay, providing the bays be not over 20 feet long. If there be no 
bays one ventilator every 20 feet should be sufficient for buildhigs up 
to 50 feet in width. In wider buildings they should be so arranged^as to 



- 16 * 

-^ 20 '-* 

•^ 20 '- 

-*- 20 ** 

*- 20 *- 

-*- 20 '* 

*-20 — 

.. 5 -, 

5 hi 











Vo> 


‘’"“‘■“S method of calculating number and si 


size of ventilators 

ffiemt'liSlrd V nny spots where 

fumes or delist* tho^ 1 ventilation, such as a machine or vat emitting 
th^ S„oh^*’i \ ventilators placed above 

reqffiri fSthSinr''""'' 

6. Next deteiroine the exhaustive capacity required of each ven¬ 
tilator by dividing the total amount of air per minute to be exhausted 
by the number of ventijators to be used or 4/5. This is the capacity for 
pwhich you should look in the Capacity Tables.* 

thli "“‘^itions under which the ventilators wiU operate, 

that IS, stock height, mean temperature difference and wind velocito 
ffhese fact ors, their use and probable values have already been explain^. 


piOTE Note Capacity Tables may be obtained from the manufacturers. 
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8. Turn to Manufacturers' Capacity Tables and under the proper j 
columns of Temperature Difference, Stack Height and Wind Velocity] 
as determined in 7, find a capacity in c.f.m, which will fulfill the requisite 1 
as determined in 6. Whichever ventilator this capacity is listed unde: : 
is the size to be selected. 


Examples. — Assume a building used as an automobile storage^ 
garage 50 feet wide by 150 feet long by 20 feet high to the eaves, 26 feet 
to the ridge of the roof. 

1, Volume of space from the eaves down is: 

50 X 20 X 150 = 150,000 cubic feet. 

Volume of space from the eaves up is: 

50 X 3 X 150=22,500 cubic feet. 

Total Volume =172,500 cubic feet. 


2. From the table of air change requirements we find that storage^ 
garages require 4 air changes per hour for proper ventilation. 

3. Total air to be exhausted is then: 

172,500 X 4 = 690,000 cubic feet per hour. ' 

4. Or: 690,000/60 = 11,500 c./.m. 

5. Spacing the ventilators along the roof as indicated in fig. 44 \\ith 
the rules given in mind, the resultant number of ventilators would be 1, 
spaced 15 feet from each end and 20 feet apart. 

6. Each ventilator would need to exhaust: 

11,500/7 = 1643 c./.m. 

7. Suppose we have a mean temperature difference of lO"* Fahr. and 
an average wind velocity of 5 m.p.h. The stack height is 26 feet (floor, 
to roof ridge). 
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Capacity Tables under that of the 30 inch Cone 
It proper columns for the factors as determined in 7 

Twa c f which exceeds ourTequTsil of 

1M3 c./.m as obtained in 6. Even though this is a trifle higher than 
nectary it should be used, inasmuch as the next size smaller^would be 

^ required capacity. This can be seen by referring to tL 

24 inch unit, the capacity of which is 1165 c.f.m. 

‘^is build- 

j ^ ? 1 ^ damper ventilators will be necessary 
iach enr " 15 feet from 


Air Leakage: In and Out.-By definition air leakage is: 
Ike passage of air through various cracks or openings in buildings. 

IS sometimes objectionably and also erroneously called “in- 
cation by would be technical highbrows. If the air be coming 
in, the term is correct, but if it be going out it is wrong, and 
should be called exfiltration”; moreover, there is no filter 
e ect (air cleaning) about it, so lets drop it, using instead 
plain Lnghsh—atr leakage in or out, as the case may be. 

Oues. What are the two causes which result in air leaking 
into a building? ^ 

^ Ans. 1. Wind pressure, and 2, difference in temperature 
inside and outside. 

Oues. What takes place due to the wind? 

. builds up a pressure on one or two sides of a 

building fusing air to leak in to the building. On the opposite 
ade or sides the action of the wind as explained in fig. 2, pro¬ 
duces a vacuum which draws air out of the building. 

a linn!.!? building is shown having 

a wndow and a door on one side and a window on the opposite side 
The details are greatly exaggerated so you can see the crack^^ 


ih 
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Note wind hitting the A side of the building owing to its momentum 
(dynamic inertia) builds up a pressure higher than inside the building 
which causes the air to leak through any cracks presented as indicated 
by the arrows. 

As the wind traverses the length of the building, the air currents as 
they continue past the side C converge and produce a vacuum along¬ 
side C by induction. 

The pressure on the outside of C, being lower than inside the building 
air leaks out (exfiltration) as indicated by the arrows. 





Fig. 45—Plan of one room building illustrating leakage i/V and leakage OUT, 


Ques. What name is given to air leakage due to temperatuw^ 
difference or thermal effect? 

Ans, It is usually called stack or chimney effect. 


. 


Ques. Explain. 
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Ans. Air leakage due to cold air outside and warm air inside 
takes place when the building contains cracks or openings at 
different levels. This results in the cold and heavy air entering 
at low level and pushing the warm and light air out at high 
levels the same as draught takes place in a chimney. 

Thus in fig. 46, assume a two-storj’ building having a window open 
on each floor. Evidently when the temperature inside the building is 



F.-g. 46 — Elevation of two story building illustrating stack or chimney effect. 


higher than outside, the heavy cold air from outside will enter the build¬ 
ing through window A, and push the warm light air out through window 
B, as indicated by arrow a, and as it cools, will increase in weight and 
drtJtilate downward as indicated by arrow 6. 

Although not appreciable in low buildings this air leakage is con- 
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siderable in high buildings unless sealing between various floors and I 
rooms be adequate. 1 

IF; 

Oues. Just what are the points relating to air leakage-in! i 

Ans. A reasonable amount of leakage is beneficial to health. 
Pure cool air and plenty of it never hurt anyone (ask your 
physician). With respect to coal bin or fuel tank watchers, 
the loss of a single lump of coal or drop of oil in heating leakage \fi 
air is atrocious. 


Oues. What can be said about storm sash? 

Ans. According to the Heating and Ventilating Society: 
''When storm sash are applied to well fitted windows, very . 
little redirection in infiltration is secured, but the application] 
of the sash does give an air space which reduces the heat^ 
transmission and helps prevent the frosting of the windows. 
By applying storm sash to poorly fitted windows, a reduction 
in leakage of 50% may be obtained, the effect so far as air leak¬ 
age is concerned being roughly equivalent to that obtained by 
the installation of weatherstripping''.* 


Dairy Barn Ventilation.—The requirement for this ap¬ 
plication is that the system be one which continuously supplies 
the proper amount of air required by the stack with proper 
distribution and without draughts. Moreover, it must remove 
excessive heat, moisture and odors, and maintain the air at a 
proper temperature relative humidity and degree of cleanliness. 


*Note. —Notwithstanding the nearly universal practice of sealing a house drum tight 
with storm sash to keep out even a trace of pure external air which ought to enter, 
the author believes money spent on insulation instead of storm windows, would be a 
better investment Aside from the “keeping up with the Jones” class, there is a certain 
hot house variety ‘who want the temperature about 80° Fahr. inside and no ventilation— 
even though the air becomes stale and putrid. Anyone who can be comfortable under 
such conditions should be examined by a physician — that’s the author’s opinion. 


[a( 


\y 
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Oues. How is milk affected thermally? 

Ans. Bam temperatures below freezing and above 80“ 
Fahr. will affect milk production. 

^ Oues. At what temperature should milk producing stock 
Pbe kept? 

■ Ans. At a temperature in the barn between 45° and 50° 
Fahr. 

Dry stock at reduced feeding may be kept at barn temperature 6 to 
10 degrees higher. 

Ques. What should be the temperature for calf bams? 

; Ans. 60° Fahr. while hospital and maternity bams usually 
have a temperature of 60° or somewhat higher. 

Oues. How much heat is produced by a cow of average 
•eight of 1,000 lbs? 

Ans. 3,000 B.t.u. per hour. 

I ... 

I Oues. When is it not necessary to heat the air supply? 

Ans. When the bam volume and constmction permit 
lequate heating by the stabled animals. 

' Oues. How should air be supplied? 

;■ Ans. Through or near the ceiling. 

Garage Ventilation. — The importance of proper garage 
lentilation cannot be over estimated on account of monoxide 

^OTE — If a cow weigh 1,000 lbs. and produce 3,000 B.t.u. of heat per hour, and if a barn 
the cow have 600 cu. ft. of air space with 130 sq.ft, of building exposure, one cow will 
■Require 2,600 to 3,550 cu. ft. p>er hour of ventilation, depending upon the temperature 
Rwne in which the barn is located. 
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poisoning. During warm weather usually there is adequate 1 
ventilation due to the doors and windows being kept open. 
However, in cold and very cold weather they close up openings 
tight as a drum with considerable danger. Nobody can breathe 
the resulting carbon monoxide concentration long without 
being knocked out; hence the importance of proper ventilation 
in cold weather regardless of physical comfort. 

The Code says that where it is impractical to operate an adequate 
natural ventilation system a mechanical system shall be used which shall 
provide for either the supply of 1 cu. ft. of air per minute from out of 
doors for each square foot of floor area, or for removing the same amount 
and discharging it to the outside as a means of flushing the garage. 

Some of the conclusions from work at the Laboratory are i 
listed in the following statements: \ 

1. Upward ventilation results in a lower concentration of carboa ^ 
monoxide at the breathing line and a lower temperature above the breath- 1 
ing line than does downward ventilation, for the same rate of carbon 
monoxide production, air change and the same temperature at the 30-in. 
level. 

2. A lower rate of air change and a smaller heating load are required 
with upward than with downward ventilation. 

3. In the average case upward ventilation results in a lower concen¬ 
tration of carbon monoxide in the occupied portion of a garage than 
is had with complete mixing of the exhaust gases and the air sup¬ 
plied. However, the variations in concentration from point to point, 
together with the possible failure of the advantages of upward ven¬ 
tilation to accrue, suggest the basing of garage ventilation on complete 
mixing and an air change sufficient to dilute the exhaust gases to the j 
allowable concentration of carbon monoxide. 

4. The rate of carbon monoxide production by an idling car is shown ; 
to vary from 26 to 50 cu. ft. per hour, with an average rate of 35 cu. ft. 
per hour. 


5. An air change of 350,000 cu. ft. per hour per idling car is required I 
to keep the carbon monoxide concentration down to one part in 10,000 } 

■nnrfQ nf air i 















Natural Ventilation 


727 


General Ventilation Rules.—A few of the important re¬ 
quirements m addition to those already outlined are here ,^ven 
^ steted by the American Society of Heating and Ventilating 
Enpneers m their Heating & Ventilating Air Conditioning 

1. Met openings in the building should be well distributed and 
should be located on the windward side near the bottom, while outlet 

S'hf r leeward side near the top. Outside air will 

then be supplied to the zone to be ventilated. 

2. Inlet openings should not be obstructed by buildings trees sien 

boards, etc., outside nor by partitions inside. ^ 

3. Greatest flow per square foot of total openings is obtained.bv 
using inlet and outlet openings of nearly equal areas. 

window ventilated buildings, where the direction 

orientation of the 

In ^ grouping of ventilation opening- 

wLr! ^ arranged to take full advantage of the force of the wind 
® ^^riable, the openings should be 

^nged in sidewalls and monitors so that, as far as possible, there 
th! ^ approximately equal areas on all sides. Thus, no matter what 

openings directly ex¬ 
posed to the pressure force and others to a suction force^ and effective 
movement through the building will be assured. 

mfv Circuits between openings on two sides at a high level 

LTthere^linT'”^ available in a building, but all are at the same 
no motive head produced by temperature difference 
1 no matter how great that difference might be. nerence, 

temperature difference may operate to 
■ vertical distance between inlet and outlet 

- F ^ great as possible. Openings in the vicinity of the 
.neutral zone are less effective for ventilation. 
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8. In the use of monitors, windows on the windward side should 
usually be kept closed, since, if they are open, the inflow tendency of 
the wind counteracts the outflow tendency of temperature difference. 
Openings on the leeward side of the monitor result in cooperation of 
wind and temperature difference. 

9. In an industrial building where furnaces that give off heat and 
fumes are to be installed, it is better to locate them in the end of the 
building exposed to the prevailing wind. The strong suction effect of 
the wind at the roof near the windward end will then cooperate with 
temperature difference, to provide for the most active and satisfactory 
removal of the heat and gas laden air. 

10. In case it is impossible to locate furnaces in the windward end, 
that part of the building in which they are to be located should be built 
higher than the rest, so that the wind, in splashing therefrom will create 
a suction. The additional height also increases the effect of temperature 
difference to cooperate with the wind. 

11. The intensity of suction or the vacuum produced by the jump 
of the wind is greatest just back of the building face. The area of suction 
does not vary with the wind velocity, but the flow due to suction is 
directly proportional to wind velocity. 

12. Openings much larger than the calculated areas are sometimes 
desirable, especially when changes in occupancy are possible, or to pro¬ 
vide for extremely hot days. In the former case, free openings should 
be located at the level of occupancy for psychological reasons. 

13. In single story industrial buildings, particularly those coveringj 
large areas, natural ventilation must be accomplished by taking air in 
and out of the roof openings. Openings in the pressure zones can be used 
for inflow and openings in the suction zone, or openings in zones of less 
pressure, can be used for outflow. The ventilation is accomplished by the 
manipulation of openings to get air flow through the zones to be ventilated. 
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CHAPTER 45 


Mechanical Ventilation 


By definition, mechanical ventilation is: The process of sup¬ 
plying or removing air by mechanical means, to or from any 
Iplace—as by means of a fan; in other words, forced ventilation. 

U 

The breathing of one adult person will vitiate hourly about 
1 500 cu. ft. of air, to which should be added vitiation from 
lother sources, such as moisture from the body, methods of 
; * illumination, etc., making a requirement of about 1,000 cu. ft. 
i per hour of fresh air for each adult person in average living 
rooms and places of assembly. Hence the importance of ven- 
, tilation, whether natural (thermal) or mechanical. 

‘ In this connection, the re-circulation system of hot air 
heating, although it results in a saving in fuel, is objectionable, 
i The preferred method is the combined recirculating and out¬ 
side air supply method in which the amount of incoming 
outside fresh air is adjustable by means of a damper*. 

Ones. How is the atmosphere of rooms changed? 


B *NOTE. — Without ventilation, where there are several persons in a room, the air soon 
M ^mesfoul and even putrid. However, its no use to try and reform HOT HOUSE BIRDS 
S who want a room temperature of 80° to 85° and don’t want to use up any fuel heating even 
■ a maU leakage in of pure fresh health giving outside air — consult a physician about 
M this, and don’t forget THE BLACK HOLE OF CALCUTTA.— 5 ce page 800, 

1 ___ _ 
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Ans. Partly by diffusion, but chiefly and effectively byi 
positive currents put in motion by a fan (mechanical ven»ji 
tilation). ’ 


Owes. Describe one method of introducing fresh air and-: 
getting rid of the foul air in the room. 



Fig. 1—Hot air furnace ii^tallation showing vent flue and fresh air duct. The cold air 
n^ the floor is drawn through grilles at bottom of heater casing into the air chambers^ 
where it is heated In the ^ of halls, schools, etc., at night and in ^t at 

Slen the outer an suppjy should be shut off and the air supply 

taken entirely from the room, thus materially saving fuel. 
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Ans. The supply of fresh air through registers, connecting 
with the outside and becoming warmed as it passes over and 
[through the intervening radiators, and the discharge of the, 
foul air into flues provided for it. 

I } shows a system of this kind working on the thermal or natural 

I pnnciple, but the capacity could be increased by introducing a fan in the 
j fresh air duct. Another method of getting rid of foul air is shown in fig. 2. 



Flo, 2—Method of connecting foul air duct between joists to ventilating shaft. 

Ques. What is the velocity of fresh air from the outside in 
passing through radiators? 

Ans. It passes through the radiators when not forced by a 
fan, at from 200 to 300 feet per minute. 

_ 



































732 _ Mechanical Ventilation 

1. Air delivery. 

2. Resistance pressure. 

These may be definitely determined. 



Ques. What other factors should be considered? j 

Ans. Question of operation, initial cost, operating cost and | 
space limitations. I 



Fig. 3 — Two examples of ventilators showing placement of fan and other details. 

These factors are interrelated and their relative importance will be 
determined by the results desired from a particular application. 


Volume of Air Required — The volume of air required is 
determined by the size of the space to be ventilated and 
the number of times per hour that the air in the space is to be 
changed. In the table given are shown recommended rates of 
air change for various types of spaces. 
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I Oues. How is the volume of air required to ventilate any 
i space calculated? 

I Ans. By dividing the volume of the space by the number of 
I minutes shown for that space in the ''rate of change” column 
I of the table. 


TABLE Volume of Air Required. 


SPACE TO BE 
VENTILATED 

RATE of 

Air 

Changes 
Per Hour 

CHANGE 

No. of 
Minutes 
Per 

Change 

Auditoriums 

6 

10 

Bakeries 

20 

3 

Bowling Alleys 

12 

5 

Club Rooms 

12 

5 

Churches 

6 

10 

Dining Rooms, Restaurants 

12 

5 

Factories 

10 

6 

Foundries 

.20 

3 

Garages 

12 

5 

Kitchens, Restaurant 

30 

2 

Laundries 

20 

3 

Machine Shops 

10 

6 

Offices 

10 

6 

Projection Booths 

60 

1 

Recreation Rooms 

10 

6 

Sheet Metal Shops 

10 

6 

Ship Holds 

6 

10 

Stores 

10 

6 

Toilets 

20 

3 

Tunnels 

6 

10 


In many cases existing local regulations or codes will govern the 
t ventilating requirements. Some of these codes are based on a specified 
amount of air per person and others on the air required per square foot 
of floor area. The table should thus serve only as a guide to average 
D conditions and where local codes or regulations are involved they should 
0 be taken into consideration. 

If the number of persons occupying the space be larger than would be 
normal for such a space, the air should be changed more often than 
shown in the table. 
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Oues. What allowance is made for extremely crowded 
spaces? 

Ans. It is customary to figure 40 cu. ft. per minute per 
person. 

Ones. What allowance should be made for effective cooling: 
by ventilation? 


MOTOR 



Ans. If the cooling effect of rapid air movement be needed 
i in localities having high temperatures or humidities, the num¬ 
ber of air changes shown in the table should be doubled. 

Duct System Resistance.—^Accuracy in estimating the re¬ 
sistance to the flow of air through the duct system is important 
in the selection of blowers for application to such systems. 

I 
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Resistance should be kept as low as possible in the interest 
of economy. However, underestimating the resistance will re¬ 
sult in failure of the blower to deliver the required volume 
of air. 

Ones. What precaution should be taken in the design of a 
j duct system? 

Ans. Careful study should be made of 'the building draw- 
'ings with consideration being given to the construction of 
jduct locations and clearances. 

Keep all duct runs as short as possible, bearing in mind that the air 
flow should be conducted as directly as possible between its source and 
delivery points, with the fewest possible changes in direction. 

Select locations of duct oiUlets so as to insure proper air distribution. 
Ducts should be provided with cross sectional areas which will permit 
air to flow at suitable velocities. 

Moderate velocities should be used in all ventilating work to avoid 
waste of power and to reduce noise. 

Lower velocities are used in schools, churches, theaters, etc., than in 
factories and other places where a noise due to air flow is not objectionable 

Ques. What about the equal friction method of designing a 
Juct system and why? 

Ans. It is recommended as it does not require a great deal 
rf experience in the selection of proper velocities in the various 
lections. 

Ques. In design how is the main duct velocity selected? 

1 Ans. It is necessary to select the main duct velocity con- 
“listent with good practice from a standpoint of noise for a 
^icular type of building or application. 

_j Ques. What is the chief advantage of proportioning for 
^Iqual friction rather than reducing the velocity in a haphazard 
jMinner and why? 

J— 
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Ans. The friction calculation is greatly simplified since it is 
necessary to know only the length of the longest run, the 
number and size of elbows and diameter and velocity of the < 
largest pipe. 

The friction loss is exactly the same as though the entire amount of 
air were carried the whole distance through the largest pipe. 

Air velocities listed in the following table have been found 
to accomplish satisfactory results in engineering practice. 

RECOMMENDED DUCT VELOCITIES. PPM 



Public and 
Commercial 
BuildingB 

Industrial 

Buildings 

Main Ducts 

10001300 

1200'1800 

Branch Ducts 

600' 900 

800'1000 

Branch Risers 

600' 700 

1 

800 


High velocities at one point in the system offset the effect of proper 
design in all other parts of the system; therefore, it is important that all 
details be given careful consideration and proper selections be made. 


Where quite operation is essential, the blower should be 
selected on the basis of a low outlet velocity. This will also 
result in lower operating costs. 

If space be limited and noise not a factor, smaller units 
with higher outlet velocities may be necessary. This may 
result in a lower initial cost. 
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The fir^ method only applies to average conditions and modification 
from this average should be made, depending upon the kitchen siz* | 
and heat and vapor producing equipment. 

In the second method, the air volume should be figured from the hood 
entrance velocity rather than the air change method. 

Owes. What is the allowance for average conditions? 

Ans. An entrance velocity at the hood opening of 100 feet 
per minute is considered satisfactory. 

Oues. How about very light cooking? 

Ans. This kind of cooking requires an entrance velocity of 
only 50 feet per minute while severe conditions may run up to 
150 feet per minute or higher. 

j 

Ques. Give an example of hood size. 

Ans. A hood 3 by 8 feet would have an area of 24 square \ 
feet and using an average velocity of 100 feet per minute the ; 
volume of air to be handled is 2,400 cubic feet per minute. 

Ques. What about hood location? 

Ans. Usually located overhead in the majority of kitchen ! 
exhaust systems. j 

! 

Ques. How should they be placed? j 

Ans. They should be placed directly over the heat and | 
vapor producing equipment and approximately 80 inches from j 
the floor line to allow sufficient head clearance. 


An overhead hood should be larger in horizontal area than the source 
of the heat or fumes. 

When located not over 2 feet above the range the hood should be 6 
inches larger in all directions than the overall dimensions of the range 
when the distance exceeds 2 feet. Thus a range 2 feet by 7 inches with a 
clearance of 2 feet would require a hood 3 feet by 8 fe<"<^ 
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I branch iMpe leading from the hood should be made 

r hood area or 1.5 square feet. With the hood located 4 feet 

! Li. o'lis >'>' ’ "i*" ■> ‘f*"* 

Cues. What precaution should be taken with air suoulv 
lystem and why? ^ 

■ system be required, the amount of exhaust 

air should be greater than the volume of supply air to prevent 
undesirable cooking odors spreading to adjoining rooms. 

Oucs. What is the customary allowance? 

Ans. The air supply air is usually figured on the basis of 75% 
^9 Lne exnaust air* 

Projection Room Ventilation.—It is desirable to have 
projection room ventilation due to heat produced by the 
i|uipment. 

A complete change of air every two minutes is required and 

I many cases a supply system should be included in addition 
X) exhaust. 

This is recommended to prevent a rush of air past the lenses of the 
projectors usually found where exhaust only is employed. 

Oues. What extra duty is required of the blower? 

^Ans. It is generally necessary to exhaust through a duct 
|8tem, thus creating a resistance for the blower to overcome 
capacity requirements are usually small and direct drive 
Bowers are most practical for this work. 

Laboratory Hood Exhaust.-There are many applications 
BT blowers in conjunction with laboratory ventilation. On the 
najonty of systems of this type fumes are handled by the 
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exhaust system and the main problem is to confine the fumes 


to prevent spreading. 


It is customary to use hoods enclosed on all sides and pro¬ 
vided with sliding windows, permitting positive control of the 
fumes and vapors evolved by the apparatus. 

Oues. What are the usual air velocities? 

Ans. Air velocities of not less than 50 feet per minute over 
the maximum open area are recommended. When open hoods 
are used the entrance velocity at the mouth of the hood should 
not be less than 100 feet per minute. 

Many applications of this type call for equipment fabricated from 
special materials or regular materials given protective coatings to with¬ 
stand the corrosive action of various chemicals. This condition applies 
to the duct system as well as the blower. This possibility must be given 
careful consideration when designing the system and complete details 
regarding the fumes and vapors to be exhausted are required for making 
proper recommendations. 

Lavatory Exhaust.—^An air change every three minutes or 
20 complete changes per hour is desirable for toilet room ven¬ 
tilation. Systems of this type should be separated and entirely 
independent of other ventilating systems. Inside toilets require 
ducts to exhaust air to the outside and 

Autovent unit blowers are especially adapted to this work, due to 
their ability to operate against resistance of the system. Their com¬ 
pact design requiring a minimum of space and ease of installation makes 
them an ideal selection for this application. 













Attic VBntila.tion Ferns 


741 


CHAPTER 46 


Attic Ventilating Fans 


An exhaust fan placed in the attic is not a piece of air con¬ 
ditioning equipment, but it cools and purifies the air by re¬ 
placement instead of by the method employed in air con- 

(mechanical ventila¬ 
tion) rather than conditions. 

att?c'*o*n condition of a non-insulated 

attic on a hot summer s day? 

Oues. What is the effect of this heat? 

accumulated heat penetrates down through the 
. ihng and raises the temperatures in the rooms below, making 
ivmg and sleeping quarters almost unbearable. 

Oues. What happens after sunset? 

outside temperature sinks to pleasant cool levels 

lii^ rn r «till remains 

thermometer may read in the neighborhood of 
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Ques. Why? 

Ans. It is due to the fact that the house emits accumulated 
heat very slowly, much like a hot water bottle. j 

Ques. How is this condition relieved? 

Ans. The heated air is discharged from the building by an 
exhaust attic fan. 

It is similar in effect to a kitchen exhauster which discharges bad and j 

hot air from the kitchen and at the same time draws in new cool air from j 

outside through open windows. : 

! 

Methods of Installation.—On account of the low static 
pressures involved which are usually less than one-eighth inch 
of water, disc or propeller fans are generally used instead of the 
blower or housed types. It is important that the fans should 
have quiet operating characteristics and they should have suffi¬ 
cient capacity to give at least 30 air changes per hour. 

The two general types of attic fans in common use are: 

1. Boxed-in fans. 

2. Centrifugal fans. 

Boxed-in Fan.—In the boxed-in fan type^ the fan is installed ' 
within the attic in a box or suitable housing, located directly ! 
over a central ceiling grille, or in a bulkhead enclosing an attic 
stair. 

Ones. How is this type of fan connected to individual room 
grilles? 

Ans. By means of a duct system. 

Ones. How does the installation work? 
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rfnwr,!* cool air entenng through the windows in the 

downstaire rooms is discharged into the attic space and escapes 
to the outside through louvers, dormer windows, or screened 
opemngs under the eaves. 

hn iHZ^ ^ of type of 



“*«<= tan. Note W 
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Although it may readily be noticed how simple an air exchange 
stallation of this type actually is, the actual decision about where tel 
install the fan and where to provide the grilles for the passage of air \ij> I 
through the house, should be left to a ventilating engineer. | 

The size of the fan likewise should be computed by a ventilating | 
engineer. \ 

Example —The house shown in fig. 1 contains 14,000 cu. ft. and the | 
fan has an air capacity of 9,000 c.f.m. (cu. ft. per min.) average, with 1 
a speed of 570 r,p.m. This input is 500 watts. Operating period from ; 
April 15th to October 15th intermittent use as weather conditions 
demand. 



Fig. 2 — Installation of centrifugal multi-blade fan in a one family residence. 


The Power consumption if used 500 hours per season is: 

500 X 500=250 k,w,h, (kilowatt hours.) 

1,000 

From which follows, that if the cost of electricity be 5 cents per k,w.h, 
then the total operating expense for the fan will be: 
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connected to exhaust ducts leading to grilles which are placed 
in the ceiling of the two bedrooms. The air exchange is ac¬ 
complished by admitting fresh air through open windows and 
thence up through the suction side of the fan, and is finally 
discharged through louvres as shown. 

This fan is of the centrifugal curved blade bype, mounted on a light 
angle iron frame, which supports the fan wheel, shaft and bearings with 
the motor which supplies the motive power to the fan through a belt 
drive. 
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The air inlet in this installation is placed close to a circular opening | 
which is cut in an air tight board partition, which serves to divide 4 
the attic space into a suction and discharge chamber. The air is ad- i 
mitted through open windows and doors, thence drawn up the attic J 
stairway through the fan into the discharge chamber, from whence it ; 
flows through the open attic window 


Location of Fans.—Location of fans, outlet openings and 
grilles as already mentioned should preferably be chosen by a 



Fig. 4—Boxed in kitchen ventilating fan. 


ventilating engineer in order to secure a uniform air distribu- l< 
tion in the individual rooms served. jil 

I' 

Oues. What should be provided if the outlet for the air be 
not on the side away from the prevailing wind? 
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Ans. Openings should be provided on all sides. 

It is also advisable that the kitchen should have separate ventilation 
on account of the fire hazard, and also to prevent the spread of cook¬ 
ing odors. A typical kitchen fan installation is shown in fig. 4. 


Operating Routine of Fans.—The routine of operation in 
rder to secure the best and most efficient results with an attic 
in is important. 



““d “ »heat-note detail of one of 


Oues. Give example of typical operating routine. 

Ans. This might require that in the late afternoon when the 
> itdoor temperature begins to recede, the windows on the 
1 St floor and the grilles in the ceiling or the attic floor should 
)! opened, and the second floor windows should be kept closed. 

Oues. What is the effect of this? 
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Ans. It will place the principal cooling effect in the living 
rooms. 1 

Shortly before bedtime, the first floor windows may be closed and 
those on the second floor opened, to transfer the cooling effect of th« 
bed rooms. A suitable time clock may be used to shut off the motor 
before arising time, or the motor may be stopped manually at a later time;? 

Noise Control. — In order to decrease the noise associate^ 
with the air exchange equipment, the following rules should be 
observed: 

1. The equipment should be judiciously located with respect to im¬ 
portant rooms in order to be removed a reasonable distance from themjj 

2. The fans should be of proper size and capacity to obtain reasonable 
operating speed. 

3. Equipment may be mounted on rubber or other resilient baseJ 
which material assists in preventing transmission of noise to the builS 
ing. A typical noise reducing base is shown in fig. 6. 

Owes. If it be unavoidable to locate the attic air exchangd 
equipment above the bed rooms what precaution should be 
taken? 

Ans. It is essential that every precaution be taken to rej 
duce the equipment noise to the lowest possible level. | 

Oues. What type ax. motors should be used for minimum| 
noise? I 

Ans. As high speed ax. motors are usually quieter than lowl 
speed ones, it is often preferable to use a high speed motoiff 
connected to the fan by means of an endless V-belt, if the ? 
floor space available permit such an arrangement. 

Tip Speed of Motor. — The following example illustrates^: 
the limit of tip speed for quiet operation. 

Operation. — If a fan operate at a speed of 570 r.p.m. and have a 22 in.^ 
diameter wheel, what is the tip speed? 

Ans. Multiply the diameter of the fan wheel in feet by the r.p.m. and.. 


7rX22X670 

12 


Tip speed = 


=3280 ft. per min. 


It has been shown by experience that the tip speed of a ventilating 
fan should not exceed 3,300 ft. per min. if quiet operation is to be obtained. 
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CHAPTER 47 


Fan Selection and 
Duct Design 


The method of selecting fan and designing duct systems is 
most clearly explained by working out a typical example. 
pThis example is based on an actual installation which has 
proven very satisfactory over a period of years operating 
hrough all kinds of weather conditions. 

Definitions.—The following definitions should be noted: 

CFM—Cubic feet of air per minute 
RPM—Revolutions per minute 
BHP—Brake horse power 
OV—Outlet velocity at fan (feet per minute) 

VP—Velocity pressure = / air veloci ty 
I 4006 / 

Measured in inches of water—K water gauge corresponds to 4006 
feet per minute (standard air) velocity. 

SP—Static pressure, the pressure in an air duct measured at right angles to 
flow. Measured in inches of water. 

TP Total pressure. The sum of velocity pressure and the static pressure. 

TS—Tip speed or peripheral velocity of wheel. (Circumference of wheel multi- 
plied by r.p.m.) (Feet per minute.) 

V—Air velocity measured in feet per minute. 

Area of Duct—Product of height and width of duct expressed in square feet. (Area of 
duct multiplied by air velocity equals the cubic feet of air per minute 
' flowing through the duct.) 

Standard Air Air at 70® F. and 29.92" barometric pressure weighing .075 pounds per 
cubic foot. 
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Example. — The problem covers proper ventilation and 
summer comfort cooling of a restaurant and kitchen in 
the basement of a tivo-story building of an industrial plant 
located in Southern Michigan. The requirements of the 
system were 1, to ventilate the dining room and kitchen 
^ring cold weather; 2, to supply fresh air in sufficient 
volume so as to provide comfort cooling in the dining room 
■during hot weather; this job uxis not air conditioned.* 


Air Requirements.—In order to determine the proper 
ivolumes of air to be handled by the supply system and the 
iMtchen exhaust system, the volume in cu. ft. of the dining 
)m and kitchen is determined by multiplying the length 
by the width by the height of the respective rooms, as in the 
Ifollowing table. 

; In this case all the supply air is introduced into the dining room and 
I all of the exhaust air is extracted from the kitchen. 

I 

I Ques. Why are grilles provided in the wall between the 
|dimng room and the kitchen? 

= Ans. So that as the exhaust fan extracts air from the 
^tchen, the replacement air passes through these grilles from 
the dining room into the kitchen. 

In this way the kitchen is always under a negative pressure so that 
no steam, fumes or cooking odors can pass into the dining room but are 
extracted at the source through the range hood. 

: Oi*es* How is the air treated? 

f: 

I Ans. All of the air from supply system is filtered, washed 
l and tempered in the winter and filtered during the summer. 


♦NOTE. — This example is worked out according to instructions given by the American 
Blower Corp. 












-Interior of industrial dining 
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Oues. Describe the supply fan equipment. 
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Fig. 3.— Chart I .—Friction of air in ducts. 
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Ans. The supply fan with filters, tempering coils and air | 
washer (for winter use) are located in an adjacent fan room. | 

I 

Ques* Where is the air intake located? 1 

Ans, Eight feet above the roof. j 

I 

\ 

Ques. Describe the duct layout. j 

Ans. A vertical duct starts from the air intake and passes | 
downward through two floors to the fan room. 

Here the air passes through a bank of air filters, through tempering 
coils and the air washer into the fan inlet. The tempering coils and air ^ 
washer are arranged so that the air can be by-passed around them 
(Juring the hot weather when heating and humidification are not re- j 
quired. From the fan discharge the air passes through the main supply 
duct and is discharged into the dining room through four ceiling grilles. ? 

Ques. Explain the application pf the friction Chart No. 

1 page 754. 

Ans. Since the supply duct must carry 15,000 cfm. locate 
15,000 on the vertical scale on the left side of the friction 
chart 1, page 754. This will be found a little over half way 
between 10,000 and 20,000 on the scale. Draw a line horizon¬ 
tally across the page to the point where it intersects the 
vertical line which represents 0,1 inch friction per 1000 feet 
of duct (see lower scale). 

The oblique line which represents air velocities which intersects this 
point reads 2000 feet per minute velocity and the other oblique line : 
which gives the duct size reads 38 ins. round duct. Therefore, handling 
15,000 c/m. through a 38 inch round duct offers a resistance of 0.1 inches 
of water for each 100 feet of length of duct and the air velocity through 
the duct will be 2000 feet per minute which is acceptable for an in¬ 
dustrial plant. 

The accompanying table gives duct velocities. 
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Recommended Duci Velociiies impmnu 



Schf>ols, Theaters 
and Public Buildings 

Industrial 

Annlications 

: Initial Air Intake. 

' Main Ducts. 

Branch Ducts. 

Branch Risers . 

Supply Grille* . 

Exhaust Grille* . 

Recommended 

800 

1000-1300 

600-900 

600-700 

300 

400 

Moximum 

900 

1100-1400 

800-1000 

800-900 

350 

450 

Recommended 

1000 

1200-1800 

800-1000 

800 

400 

500 

Majfimum 

1200 

1300-2000 

1000-1200 

1000 

500 

600 


*For summer comfort cooling these velocities can be doubled. 



Ones. How about the cross sectional shape of the duct? 
Ans. Since round duct is not practical for this installation 
because it requires too much head room, a rectangular duct of 
[equivalent friction must be selected. 
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rn^ J« account of head 

consult Chart II, page 755 and locate the 
(Side of duct 5 )” horizontal scale at the bottom of the chart 

line vertically upward to the point where it intersects the 
represents a 38 in. duct. Draw a horizontal line from 
tos point across the chart to vertical scale at the left which reads 72 ins 

72 ins^fa’req^reT”” '”*^*** '^*'®refore, a duct 18 ins. x 


Oues. What should be noted about the main duct? 

Ans. In this particular installation the main duct is ear¬ 
ned through full size to the end of the system, and the duct 
acts as a plenum chamber. 


Oues. How is the volume of air out of each of the four 
outlets controlled? 

Ans. By a damper at each outlet so each discharges its 
share of the air insuring even distribution. 


.. desirable in this case since the outlets are relatively close to 

ceiling furred in to make it look like a beamed 


Oues. What is the procedure in ordinary industrial jobs? 

Ans. In cases where the duct system is extensive and not 
concealed and minimum material costs are desired the duct 
can be reduced at each point where air is discharged through 
an outlet. 


In such cases the duct sizes are 
described using the reduced volume 
ducts and maintaining the same 0.1 
100 feet of duct. 


determined exactly as previously 
of air as the basis for sizing the 
inches of water friction drop per 


Selection of Fan.—^After the duct sizes have been de- 
ermined, it is necessary to figure the static pressure of the 
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system so that the proper fan can be selected which willi 
handle the desired volume of air (in this case 15000 c/m.y 
against the static pressure of the system. 1 


Friction Loss 

(1200)^ Inches of Wate 'jM 

Entrance loss x 1.5 (velocity pressure x 1.5) . 0.135 9 

Friction loss through air filters. 0.26 9 

(from manufacturer's tables) I 

Friction loss through tempering coils. 0.26 m 

(from manufacturer’s tables) M 

Friction loss through air washer. 0.26 * 

(from manufacturer’s tables) | 

Supply grille resistance. 0.04 

0.826 I 


To this must be added the duct loss based on the longest - 
run of duct. 

In determining the length of duct start at the point where i 
the air enters the system and include all ducts in the main 
supply duct to the end of the system. 

Equivalent length 
oi straight duct | 

1 goose neck at roof (double elbow IS' x 63*) . 

28 fTOt straight duct to basement... .. 

1 elbow (18" X 63") to transition piece .-. 

40 feet straight duct ... 

1 elbow (63" X 18") . ••• 

60 feet straight duct . 

1 elbow (63" X 18") ..'. 

15 feet straight duct. .. 

1 elbow (63" X 18").. . 


39 ft 
28 
20 

40 
68 
60 
68 • 
15 
68 


406 
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In this example the friction loss of all elbows was based on rectangular duct elbows with a center line radius 
equal to one and one-half duct widths. 

From .the tables below a rectangular duct elbow with a centerline radius of 1 }/^W has the same friction 
loss as a straight duct 13W long. If the duct width is 18" (parallel to radius), the equivalent length of straight 
duct would be 13 x 18 = 234 inches or 19^ feet 
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Air 

^ ^ of a mechanical mixture 

oj 23.3% of oxygen (by weight), 75.5% nitrogen and 1.3% argon 

Carbonic acid is present to the extent of about .03 or .04% 
of the volume. 

Obscure constituents are: .01% kryplon with small amounts 
or other gases. 

Oues. What are the percentages by volume? 

Ans. Oxygen 21%, nitrogen 78.06% and argon .94%. 

Oues. What is atmospheric air? 

Ans. Air at the pressure of the standard atmosphere. 

Ones. What is the standard atmosphere? 

Ans. Air at a pressure of 29.921 ins. of mercury, which is 
equal to 14.696 lbs. per sq. in. 

That is 1 in. of mercury = 14.494. .29.621 =.49116 lb. per sq. In. 

Oues. With respect to air conditioning machines, what is 
atmospheric air? 

Ans. Air at the atmosphere pressure at the point of in¬ 
stallation. 
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INCHES 

OF 

MERCURY 

51- 

29.921 
/ 29-1 




tJ 

ocr 

Crui 

<X 

oa 

ZiO 


28- 
27- 
26- 
25 
24- 
23- 
22 - 
21 
20 - 
19- 
18- 
17- 
16- 
15- 
14- 
13“ 
12 - 
• I - 
iO 
9- 
8 - 
7 

6 - 

5- 


AB50LUTE 

PRESSURE 

PER.SQ.m 

hi 5.226 
14.696 
-14 

-13 

12 

-II 

-10 


- 9 


- 8 


- 6 


- 5 


- 4 


- 3 



Oues. Does the pressure of thel 
atmosphere remain constant in any I 
one place? I 

Ans, No. It continually varies, | 
depending upon the conditions of ; 
the weather. 

Oues. What is the effect of loca¬ 
tion upon the pressure of the at¬ 
mosphere? 

Ans. It varies with the elevation. 

Oues. How? 

Ans. It decreases approximately 
one half pound for each 1,000 ft. 
ascent. 

The illustration fig. 1 gives atmospheric 

pressure for various barometer readings. 


Fig. 1 — Mercurial barometer il¬ 
lustrating the relation between 
“inches of mercury” and ab¬ 
solute pressure in lbs. per sq. in. 















Air 


765 


Atmospheric Pressure and Barometer Readings. 

(For various altitudes) 


Altitude above 
Sea Level 

Feet 

Atmospheric 
Pressure Lbs. 

Per Square Inch 

Barometer 

Reading 

Inches of Mercury 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000. 

6500 

7000 

7500 

8000 

8500 

9000 

9500 

10000 

10500 

11000 

11500 

12000 

12500 

13000 

13500 

14000 

14500 

15000 

14.69 

14.42 

14.16 

13.91 

13.66 

13.41 

13 16 

12.92 

12.68 

12.45 

12 22 

11.99 

11 77 

11.55 

11 33 

11 12 

10.91 

10 70 

10 50 

10.30 

10 10 

9 90 

9 71 

9.52 

9 34 

9 15 

8 97 

8 80 

8.62 

8 45 

8.28 

29.92 

29.38 

28.86 

28.33 

27.82 

27.31 

26.81 

26.32 

25.84 

25.36 

24.89 

24.43 

23.98 

23.53 

23.09 

22.65 

22.22 

21.80 

21.38 

20.98 

20 58 

20.18 

19 75 

19 40 

19.03 

18.65 

18.29 

17.93 

17.57 

17.22 

16.88 


I Source—National Advisory Committee for Aeronautics-report 

I No. 246. 
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Ques. How is the pressure of the atmosphere expressed for 
various readings of the barometer? 

Ans. Rule — Barometer in inches of mercury X .49116. J6s. 
per sq, in. 


Pressure of the atmosphere per square inch for various readings of 

the barometer: 

Rule .—Barometer in inches of mercury XA911Q=lbs. per sq. in. 


Barometer 
(ms.*bf mercury) 

Pressure 
per sq. ins., lbs. 

Barometer 
(ins. of mercury) 

Pressure 
per sq. ins., llw. 

28.00 

13.75 

29.921 

14.696 

28.25 

13.88 

30.00 

14.74 

28.50 

14.00 

30.25 

14.86 

28.75 

14.12 

30.50 

14.98 

29.00 

14.24 

30 75 

15.10 

29.25 

14.37 

31.00 

15.23 

29.50 

14.49 



29.75 

14.61 




The above table is based on the standard atmosphere, which by defin. 
ition= 29.921 ins. of mercury = 14.696 lbs. per sq. in., that is 1 in. of 
mercury = 14.696 •^-29.921 = .49116 lbs. per sq. in. 


Ones. What is absolue pressure? 

Ans. Pressure measured from the true zero or point of no 
pressure. 


Compressed Air. — In order to obtain an idea of the subject 
of air compression there are certain underling principles and 
laws that should be understood. 

















Oues. What is compressed air? 

Ans. Air forced into a space smaller than it originally 
occupied. 


Ones. What happens when air is compressed? 
Ans. Both its pressure and temperature rise. 



^ ^periment illustrating Boyle’s law. This law was discovered by Robert Bovle 
Now when the piston moves in the cylinder, the pressure will gradually rise due to the 
compression of the air and the small pistons will move against the tension of the springs 
i^cr *^6 Cylinder to the foUo^ 

Vs stroke, the positions of the smaU pistons as 
* %ore will mdicate the following pressures: 14.7 lbs., 29.4 lbs, 58.8 lbs 

\ it J^l show through the center of each of the small pistons ’, 

J ^ it will show the pressure corresponding to every position of the large piston. 

[| Owes. What happens when the space occupied by a given 
[ I volume of air is enlarged? 
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Ans. Both its pressure and temperature are lowered. 1 

Oues. What is the object of compression in air conditioning? ; 
Ans. To cool the air to be conditioned. 


Owes. Is the air to be cooled compressed? 
Ans. No, a refrigerant is used. 





Ques. How is low temperature produced? 

Ans. By the expansion and condensation of the refrigerant. 

BOYLE’S LAW 

Oues. What is Boyle's law? 

Ans. At constant temperature the absolute pressure of a 
gas varies inversely as its volume. 
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f- 

F When a Gas is Compressed Heat is Generated. — This 
? is illustrated by the familiar operation of pumping up a bicycle 
or automobile tire as in fig. 3. 


CHARLES’ LAW 

I Oues. What is Charles' law? 

* Ans, At constant pressure the volume of a gas is proportional, 
: to its absolute temperature. 



compressor illustrating the phenomenon of compression as stated 
m iSoyle s and Charfe'*s laws as explained in the accompanying text. 


Ques. What should be noted with respect to calculations 
I involving Charles and Boyles laws? 

I Ans, Absolute pressure and absolute temperature should be 

t 



































770 


Air 


Summary: Boyle’s Law. — The following relations based on 
Boyle’s law are here tabulated for convenient reference. 


1. Pressure volume formula 

3. Pressure at any point 

PV 

= P'V' 

(1) 

P = constant.(5) 

p 

P'V'. 

(2) 

V 


V 


4. Volume at any point 

V 

P'V'. 

(3) 

V = constant.(6) 

p 


P ' 

2. Compression constant 


5. Ratio of Compression 

PV 

= constant. 

(4) 

R = Vi - Vf . (7) 

NOTE.—In all the foregoing the values given as “lbs.” are, of course, intended to be “Iba. 

per sq. in." 




in which 

R = ratio or number of compressions 


Vi = initial volume 
Vf = final volume 
R = Pi-T- Pf =Vi^V,. 


.( 8 ) 


6. Initial pressure of com¬ 
pression 

Pi = R - Pf.(9) 

in which 

Pi = initial pressure absolute 
Pf = final 


7. Final pressure of com¬ 
pression 

Pf = Pi ^ R 


Summary: Charles’ Law. — ^The following relations based- 
on Charles’ law are here tabulated for convenience. 

1. At constant volume P P' 

^ . 

in which P = initial pressure absolute 
P' = final 

T = initial temperature absolute 
T' = final 


*NC)TE.—Charles law is also called Gay Lussac’s law, but is generally known as Charles’ law. 
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2. At constant pressure V V' 

;p- 


..( 2 ) 
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If the cylinder be filled with air at atmospheric pressure (14.7 lbs, per 

sq. in. absolute) represented by volume V i and the piston be moved to 

reduce the volume to say } 4 , as represented by Vf then according to 

7, the pressure will be trebled or = 14.7 -f- = 14,7 X 3 = 44.1 lbs. 

absolute or 44.1—14.7 =29.4 gauge pressure. ■ 

In reality, here is where Charles’ law comes in, a pressure ] 
gauge on the cylinder would at this time show a higher pressfim 
than 29.4 gauge pressure because of the increase in tempera¬ 
ture produced in compressing the air. This is called adiabatic 
compression, 

Oues. What is adiabatic compression? 

Ans. Compression without receiving or giving up heat. 

Heat.—By definition heat is: A form of energy known by , 
its effects, 

Oues. How are these effects indicated? 

Ans. Through the touch and feeling as well as by the ex¬ 
pansion, fusion, combustion or evaporation of the matter upon 
which it acts. 

Oues. What is sensible heat? 

Ans. The heat which produces a rise of temperature as 
distinguished from latent heat. 

Oues. What is temperature? 

Ans. State of a body with respect to sensible heat; degree 
of heat or cold. 

Oues. What is thermometer? 

Ans. A device to measure temperature. 
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a thermometer consist? 

Ans. It consists of a glass tube terminating in a bulb which 
is charged usually with mercury, 

Oues. How does it measure the temperature? 

Ans. By the contraction or expansion of the liquid with 
temperature changes, causing the liquid to rise or recede in 
the tube. 

The scale of an ordinary thermometer, either Fahrenheit or Centi¬ 
grade IS simply an arbitrary standard by means of which comparisons 

f»Qn no oc-f-Q 


^ Ques. Of what does 


Ques. What kind of heat is measured by a thermometer? 
Ans. Sensible heat. 


Ques. What is latent heat? 

Ans. That quantity of heat which becomes concealed or 
disappears in a body while producing a change of state, with 
no rise of temperature. 


i Ques- What is a change of state? 

1 Ans. By sufficiently increasing the temperature, solids are 
! changed to liquids and liquids to gases. 

I Ques. In general, what do you understand by the term air 
I conditioning. 

, Ans. The treatment to which atmospheric air is subjected 
in order to regulate its temperature and humidity, and to make 
‘ it pure. 


Chapter 1, Thermal Physics, for further explanation of sensible heat latent 
I Heat, thermometers, etc., also various other items relating to heat. ^eat, latent 


k 












774 Air 


Oues. To what are the effects of air upon comfort and 
health due? 

Ans. They are due to the reactions of the human being to 
variations in air temperature, humidity and purity. ^ 

Oues. Upon what is the sense or feeling of warmth de¬ 
pendent? 

Ans. Upon the moisture content of air, and for this reason 
comfortable and healthful heating requires coincident regula¬ 
tion of humidity. 1 

Ones. What should be noted about the purity of the air? 
Ans. The purity of the air breathed by the human being is, j 
of course, primarily important to his physical well being and; 
personal efficiency is materially depressed by air that is con-i 
taminated with foreign matter, particularly in congested! 
centers, manufacturing districts, or in proximity to any source! 
of pollution. ; 

Air conditioning is a sure and sane means of eliminating the personal | 
inefficiencies resulting from improper air qualities in spaces enclosing ; 
human beings. 

Air nearly always contains certain impurities, such as ammonia^; 
sulphurous acid and carbon dioxide. 

The latter being a product of exhalation from the lungs and of com-1; 
plete combustion, is so universally present (about in the same proportions-; 
everywhere, except where concentrated by some local condition), that i 
it may be regarded as a normal constituent of the air. 

Wet and Dry Bulb Thermometer. — The two thermom- ■ 
eters placed side by side, one having one end of a wick ^ 
wrapped around its bulb, and the other end submerged in a 3 
vessel containing water. 

_ _ ^ 
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I Oues. What does the dry bulb temperature measure? 

I 

I Ans. It measures the degree, or intensity of the heat, or, 
I it may be said, the dry bulb temperature measures the degree 
|of effort which the heat will exert to move from one position 
|to another. 

j Oues. What is a non-hygroscopic material? 

Ans. It is one which neither absorbs nor gives off moisture 
and hence is not affected by the humidity of the air. 

Such a material if surrounded by air, say at 90° F., will take up heat 
from the air until both have reached the same temperature. 

At the beginning of the heat transfer, the rate of flow of heat from the 
air to the material will be greater than at any other time because the 
temperature difference, or temperature head (90°—60° =30°) is greater 
at that time, constantly decreasing as the air and the material approach 
the same temperature. 

The rate of heat transfer is thus proportional to the temperature 
difference between the two. Thus, if it be desired to heat a certain ma¬ 
terial as quickly as possible, the dry bulb temperature of the air sur¬ 
rounding the material must be raised as many degrees as practicable 
above the desired temperature of the material, so that the rate of heat 
flow from the air to the material will be as rapid as possible. 


Oues. In the case of an hygroscopic material, that is, one 
which will absorb water, why does the dry bulb temperature 
not indicate the heating capacity of the air? 

Ans. Because hygroscopic materials are affected as much by 
the moisture present in the air as by the heat. 

Thus, an hygroscopic material may absorb moisture so rapidly that, 
due to the latent heat so regained, it may become hotter than the dry 
bulb temperature of the air itself, and actually give off heat to the air. 

^ 
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Oues. Air conditioning is principally concerned with what { 
and what is of little importance and why? ; 

Ans. With hygroscopic materials and here the dry bulb j 
temperature alone is of relatively small importance because 
the factor of moisture must be carefully considered. ] 
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CHAPTER 49 


Humidity 


_ Moisture in the Air; Humidity.—Air is capable of hold¬ 
ing, as a mechanical mixture with itself, varying quantities of 
water vapor, depending upon its temperature. 


absorbs moisture, that is, when it is humidified, the latent 
evaporation must be supplied either from the air or otherwise. 
And conversely, when the moisture from the air is condensed, the latent 

recovCTer”'^^ ^ heat of evaporation, is 


Oues. When is the air said to be saturated? 

Ans. When there is mixed with the air all of the water 
'apor which it can hold. 

Oues, How can partly saturated air become saturated? 

Ans. If partly saturated air be reduced in temperature, 
mtil the amount of moisture present corresponds to the 
mount which the air is capable of holding at the given tem- 
erature, it will, obviously, become saturated air. 

Oues. What happens if the temperature of the air be further 
tduced? 

. Ans. Its ability to hold moisture being reduced accordingly, 
excess moisture will be condensed, which means that it will 
e converted from a vapor to a liquid, the reverse of the process 
Inch occurred as the air absorbed the moisture. 










778 


Humidity 


Oues. What is necessary in the process of converting liquid! 
water into water vapor? 

Ans. It requires a great quantity of heat. 

Oues. How is this heat used? 

Ans. It is used only in performing the conversion, the tern 
perature of the liquid and the vapor being the same at the eni 
of the process. 

If the conversion be from liquid to vapor, this involves the latent hea 
of evaporation; if from vapor to liquid, of the latent heat of condensatioi . 

Saturation of Cold and Warm Air. — Cold air is saturatm 
when it contains very small quantities of water vapor, whereok 
warm air is not saturated until it contains much larger quantities 
of vapor. 

Example. —Air at zero is saturated when it contains but one half ol 
one grain (l/7000th lb.) of water vapor per cu. ft. Air at 70° is saturateci 
when it contains 8 grains of vapor per cu. ft., while at 83°, 12 grains pei 
cu. ft. are required to saturate. 

Example. —Air at 83° is saturated when it contains 12 grains of watei 
vapor per cu. ft. Assume that it contains 8 grains per cu. ft. Its absolute 
humidity is, then 8 grains per cu. ft.; its relative humidity 66%%. Sue) 
air will exert a greater moistening effect than air at 92° containing tht 
same 8 grains of vapor per cu. ft. 

HUMIDITY 

Absolute Humidity. — By definition: The quantity of watei 
vapor actually present in a given volume of air, without regard t 
its temperature. 

Thus, if air, at any temperature, contain 4 grains of water vapor pei 
cubic foot, its absolute humidity is expressed as 4 grains per cubic foot 
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Relative Humidity. Since air may contain varying quan¬ 
tities of water vapor at the same temperature, it is necessary 
to express its degree of saturation as related to its tempera¬ 
ture. Thus: there has been established the term relative hu¬ 
midity. 


1 Oues. What is relative humidity? 


t| 


Ans. An expression, in percentage, of the 
tion of air at any given temperature. 


degree of satura- 


Oues. 

of 50%? 


What do you understand by a relative humidity 


Ans. It means that the air, at its given temperature, con- 


stains 50% of the water vapor required to saturate it at that 


"temperature. 


Example.—lO’’ air is saturated when it contains 8 grains of vapor per 
cubic foot. Assume that it contains 4 grains per cubic foot. Its absolute 
per cubic foot. Its relative humidity is 50% since 4 is 
of 8. Similarly, if the same air were heated to 83° its absolute humid- 
wTo. relative humidity would be 

* ooo grams of vapor per cu. ft. required to saturate air 

at OO . 

4X100 _ 

= 33M%. 


12 


Oues. From the foregoing, upon what does relative hu- 
nidity depend? 


Ans. It obviously depends equally upon both the factors of 
emperature and moisture content. A variation in either alters 
he relative humidity. 

^ A clear conception of the relation between temperature and moisture 
content is essential to an appreciation of air conditioning and the effects 
of air upon the materials it surrounds, because it is the relative humidity 
(not the absolute huinidity) which determines the effects of air upon such 
^ materials. The relative humidity is the governing factor because the 
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drying or moistening effect of air depends upon the relation between j 
the vapor pressure of the moisture in the material exposed to the air | 
and the vapor pressure of the moisture mixed with the air itself. The | 
vapor pressure of the moisture mixed with the air is proportional to 1 
the relative humidity of the air. Since this relation is true, calculations | 
are usually based upon relative humidity rather than upon relative I 
vapor pressure, although the latter might be considered the more direct | 
relation. i 

Physical Properties of Air. — Before discussing the rela¬ 
tionship of atmospheric conditions to human comfort, the j 
definition of terms and principal natural laws governing the 
mixture of air and water vapor which compose the atmosphmi 
should be clearly understood. ^ 

In all air conditioning calculations it should be understood 
that the dry air and water vapor composing the atmosphere 
are separate entities, each with its own characteristics. The 
water vapor is not dissolved in the air in the sense that it loses 
its own individuality, and merely serves to moisten the air. 

Oues. What is water vapor? 

Ans. Water vapor is actually steam at low temperatures, 
and consequently low pressures, hence its properties are those ^ 
of steam. 

According to Dalton’s law: In any mechanical mixture of gases, each 
gas has a partial pressure of its ovm which is entirely independent of the 
partial pressures of the other gases of the mixture. 


As to the Etfect of Moisture in the Air. — Air at high 
relative humidities (regardless of the absolute humidity) exerts a 
greater moistening effect than air at lower relative humidities. 

The moistening effect of the air varies approximately with 
its relative humidity, with regard to the actual weight of 
water vapor present. 
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In a textile mill, for instance, where one of the chief functions 
0 air conditioning is to control the moisture in the yams in 
course of manufacture, it should now be obvious that temper- 
fature control is equally as important as moisture control, since 
;t IS upon the relative humidity (water vapor content as related 
to temperature) that the moistening effect of the air depends. 

Drying Effect of Air.—Briefly, the drying effect of air varies 
^oximately inversely with its relative humidity, the greater the 
^tive humidity, the lesser the drying effect. 

It should be noted that it is the relative humidity which 
determines the effect and that, therefore, the effect depends 
^ipon both the temperature and the water vapor content of the 
»r-smce relative humidity depends upon both these factors. 

As to Heat.—The quantity of heat which dry air contains 
B very small, because its specific heat is low, .2415 (for ordinary 
urposes) which means that one lb. of air falling one degree of 
emperature (Fahr.) will yield but .2415 of the heat which 

'ould be available from one lb. of water, reduced 1° in tern- 
erature. 


The presence of water vapor in the air materially increases 
>e total heating capacity of the air because of the latent 
Jat of the vapor itself. 
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Moist hygroscopic materials in the presence of dry air, even 
at high, dry bulb temperatures, may actually be cooled, rather 
than heated. This occurs because the dry air immediately begins 
to evaporate moisture from the material. 
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The Dew Point 


CHAPTER 50 


The Dew Point 


Oues. What is the dew point? 

Ans. By definition, the dew point is: The temperature oj 
saturation, for a given atmospheric pressure, that is to say, for 
a given atmospheric pressure (barometer) it is the temperature 
at which moisture begins to condense, in the form of tiny dvoplets 
or dew. 


Regarding the dew point note: The saturation temperature 
for any given quantity of water vapor in the atmosphere is 
known as the dew point. Any reduction in temperature below 
the dew point will result in condensation of some of the water 
vapor present, with a consequent liberation of the latent heat 
of the vapor, which must be absorbed before any further 
condensation can take place. 

Saturated Water Vapor — If the vapor pressure of the 
water vapor present in a given space be the same as the vapor 
pressure of saturated steam at the prevailing dry bulb tem¬ 
perature, the space contains all the water vapor it can hold 
at that temperature. The term “saturated water vapor” is 
applied to water in this state. 

Wet Bulb Temperature. — This is the temperature of evapo- 
raiion, or better by definition: 
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Ques. What is the wet bulb temperature? 1 

Ans. By definition, the wet bulb temperature is: The tm- i 
perature at which the air would become saturated if moisture : 
were added to it without the addition or subtraction of heat. i 

Ques. What should be noted about the wet bulb temperature 
in conjimction with the dry bulb temperature? 

Ans. This is an exact measme of the humidity of the air, 
and it is also an exact measure of the heat content of the air. 

Ques. What is the vital point about dry and wet bulb 
temperatures? 

Ans. In air conditioning the dry bulb temperature and the ; 
wet bulb temperature must both be controlled if the effects 
of air are to be regulated. 

Wet Bulb Temperature; further explained. — If the 
bulb of an ordinary thermometer be surrounded with a mois- : 
tened wick and placed in a current of air and super-heated 
water vapor, it will be found that a reading at some point 
below the dry bulb temperature is obtained. The minimum 
reading thus obtained is the wet bulb temperature of the air. 

Ques. What is the cause of the reduction in temperature? ' 
Ans. Sensible heat is withdrawn from the air to vaporize the 
water surrounding the wet bulb, thus raising the dew point 
of the air. 

The point of equilibrium at which the sensible heat withdrawn balances 
with the heat of vaporization necessary to bring the dew point up to 
this same point is the wet bulb temperature. 

In this transformation of energy from sensible heat to heat of vaDori- 
zation, there is no change in the total amount of energy in the mixture. 
For this reason, the wet bulb temperature, once fixed, is an indication 
of the total heat in any mixture of air and water vapor. 
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If Humidification.—By definition, humidification is: The 
^addition of moisture to the air, and also the conditioning 
I machine which functions to add moisture to the air is called a 
j humidifier. 

1 ' 

I Owes. Of what does a humidifier consist? 

I Ans. It is in reality: A low pressure, low temperature boiler in 
^V}h'ich the water is evaporated and the vapor {low pressure steam) 
I thus formed, caused to mix with the air. 

I 

I 

I Oues. How does the water act in a humidifier? 
i Ans. The water acts as the medium which conveys heat to 
the air and as the source of the water vapor required to saturate 
i the heated air. 

Owes. When does the machine function as a humidifier? 
Ans. When the temperature of the spray water is above that 
at which the moisture in the air will condense. 

Dehumidification.—By definition dehumidification is: The 
removal of moisture from the air, and when the machine is 
functioning to remove moisture from the air it is called a 
dehumidifier. 

Oues. How is the removal of moisture from the air ac¬ 
complished? 

Ans. By condensation. 

I 

Oues. When does condensation take place? 

j Ans. When the temperature of the air is lowered below its 
iew point. 
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The condensate thus formed falls into the tank of the conditioning 
machine. In this case the water acts solely as a conveyor of heat from 
the air (beside its cleansing action) and, as such, the finely divided 
mist is extraordinarily effective (practically 100%). 

Ones. Can the machine function either as a humidifier or 
dehumidifier? 

Ans. Yes. 

Ques. How? 

Ans. On some designs it can perform either way withoui. 
alteration or re-arrangement except that the valves in the 
control line from the dew point thermostat are adjusted to 
connect the steam control to the water heater for winter 
operation, and to connect the three way mixing valve to 
the water supply line for summer operation. 

Whether the requirement is humidification or dehumidification, the 
apparatus always operates under accurate automatic control, main¬ 
taining the required indoor conditions winter and summer, regardless 
of the outdoor weather. 

Evaporative Cooling; Wet Bulb Depression.—Since out¬ 
door summer air is rarely fully saturated, there is usually a 
considerable difference between its dry bulb and its wet bulb 
temperature. 

Ques. What is this difference between dry and wet bulb 
temperatures called? 

Ans. The wet bulb depression. 

Que^. When is the depression greatest? 

Ans. In summer. 

Ones. Just what is the wet bulb temperature? 
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example just given, how is the spray water 


Ans. As has been explained, the wet bulb temperature is 
that temperati^ to which air would be cooled, by evaporation 
if the air were brought into contact with water and allowed to 
absorb sufficient water vapor to become saturated. 


Etample.—If outdoor summer air be drawn through a humidifier 
wherein it will be completely saturated, its dry bulb temperature will 
be reduced to its wet bulb temperature, and the air will leave the humid 
ifier at the outdoor wet bulb temperature. This cooling is accomplished 
entirely by evaporation, and is due to the latent heat rfqSred to convert 
the liquid water into water vapor, such conversion occurring the iXnJ 
I"*** ’^th the mist in the spray chamS of 

the humidifier, the heat being taken from the air. 


o 


Ans. The spray water is used over and over again, onlv that 
hquantity being added which is actually absorbed by the ffir. 


Thus, without any additional operating expense, a humidifier will in 
TeprSn ™ through the web bulb 


it 


ilDcahties?^*'^^ depression in some 

Ans As much as 25° or even 30°, and quite commonly from 
ul^. localities adjacent to great bodies of water, 

'here the humidity is high and wet bulb depression, therefore 
OTespondmgly low. ' 


outdoor 


JfV m instance, the maximum 

wet bulb temperature is about 78°. 

ftemperature would probably be about 
90 , the wet bulb depression being 90°-78° = 12° ^ 

In Denver, where the maximum wet bulb is usually less than 78° 
the comcident dry bulb is usually much higher than 90° resultine in 

a greater wet bulb depression, which means that more cooling can be 
accomplished by evaporation. '-wuiig can oe 
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Air movement. — The effectiveness of any air conditioning 
apparatus depends as much upon the proper distribution of 
the air as upon the efficiency of the conditioning machine 
itself. It may be said that an air conditioning installation is 
no better than its duct system. To be effective, the condi* 
tioned air must be uniformly distributed over the entire 
area of the enclosure, and, especially in closed or dry roomsi 


Owes. To be effective, what is the necessary requirement^ 
Ans. The conditioned air must be uniformly distributed; 
over the entire area of the enclosure, and, especially in closet 
or dry rooms, processing rooms, the circulation must not only 
be uniform but vigorous. 


i 
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2. Vertical distances are a measure of latent heat as obtained from 

the dew point temperatures. i 

3. Inclined (solid) lines are a measure of total heat (not including 
heat of the liquid) and are constant for a given wet bulb temperature! 

Ques. What do the curved lines indicate? 

Ans. They indicate relative humidity between the limiting 
conditions of dry and saturated air. 



Ques. How do you obtain grains in water vapor per poura 
of dry air in the mixture? i 

Ans. Proceed to the left through the dew point temperatur^ 
to the scale of grains at the left of the chart as in fig. 2. ) 
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Ques. How do you obtain cu. ft. of mixture per lb. of dry 
air in the mixture? 

Ans. Proceed from the intersection of dry bulb, wet bulb 
and dew point temperature upward parallel with the inclined 
volume lines (shown dotted) to the saturation curve and then 
directly to the volume scale at the right of the chart, as in fig. 3. 



|Fig. 3 —Explanation 3 of Chart. 


Ques. How do you obtain grains of water vapor per cu. ft. 
of mixture? 

I Ans. Divide the reading obtained through fig. 2 by that 
obtained through fig. 3. 

I Ques. How do you obtain total heat per lb. of dry air in 
Ithe mixture? 
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Chart for Dryer Calculations.—The fundamental calculap 
tions for the design and performance of dryers are based on. 
the thermo dynamics of air and water mixtures; also on th^ 
fundamentals of heat transfer. 

For the humidity calculations, a high temperature psychix^ 
metric chart is here given, reproduced by permission of Ameri- 
can Society of Heating and Ventilating Engineers. 














Btu PER OEG F PER LB DRY AIR 
027 0.^ 0.31 



Fig. 5—Humidity chart. 









































































































































WEIGHT OF WATER VAPOR IN ONE LB. OF DRY AIR - GRAINS 


794 


Charts 



50 


40 


50 55 60 65 

DRY BULB TEMPERAT 


total heat above zero degrees F (hot incluoim mcat or 
13 14 15 16 17 18 19 20 25 

t ,1, I. I, 1, .y l I I .I.L 1. 1. 1,1 ,1 1.1, 


PSYCHROMETRIC CHART 

BAROMETRIC PRESSURE tt.SE IN. OP MERCURY 

BUFFALO FORGE COMPANY 

buffalo, new YORK 


Fig. 6 —Psychrometric chart prepared by Buffalo Forge Co. 
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CU. FT OF MIXTURE IN ONE LB. OF DRY AIR 
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Example.—Given 80° dry bulb and 65° wet bulb, describe applies- 
tion of the chart. 

The intersection of these two conditions shows 45% relative humidity! 
of 66.5° dew point, 29.6 B./.w. per lb. of dry air, total heat, 68 grains^ 
per pound of dry air, 13.79 cu. ft. of mixture per lb. of dry air andl 
68/13.79 =^=4.94 grains of water vapor per cu. ft. of mixture. | 

From the intersection point of any two variables, the remaining 
variables may be determined. ik 

In the region of 65° to 75° effective temperature, the volume line^ 
(shown dotted) very closely approximate the effective temperaturef 
lines in still air for persons normally clothed and slightly active. ' 
In the example, follow up parallel with the volume lines to t he satura¬ 
tion curve and read 73° effective temperature. 


Comfort Chart; Standards of Comfort.—The influence 
of air temperature, moisture and motion on physical comfort 
has been very thoroughly investigated. 

The sensations of warmth or cold experienced by the humani 
body depend not only upon the dry bulb temperature, buts 
also upon the moisture content of the air. 


Ques. What should be noted? 

Ans. It will be noted that the average comfort conditions 
are considerably different in summer than in winter, although 
the two zones overlap in part. 

Ques. What is the cause of this? 

Ans. It is due to the difference in clothing, and to the 
natural inclination of the body to habituate itself to somewhat 
higher temperature in summer. 

Ques. What is effective temperature? 

Ans. An arbitration index of the degree of warmth or cold as 
apparent to the human body, and takes into account the tem¬ 
perature, moisture content and motion of the surrounding air. 
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Effective temperatures are not strictly a degree of heat, in the same 
sense that dry bulb temperatures are; for instance, the effective tem¬ 
perature could be lowered by increasing the rate of air flow even though 
wet and dry bulb temperatures remain constant. 

For space cooling and heating, however, the air movement factor is 
considered a constant at approximately 20 feet per minute, and under 
this condition effective temperature is determined by the wet bulb and 
dry bulb thermometer readings only. 

Table II Extreme Summer and Winter Temperatures Encountered in the Principal Cities 

rat trija ■ ___I_1 _ • nn * 


State 


Ala. 

Ariz. 

Ark. 

Calif. 

Colo. 

Conn. 

D. C. 

Fla. 

Ga. 

Idaho 

III. 

Ind. 

Iowa 

Kan. 

fl: 

Maine 

Md. 

Maas. 

Mich. 

Minn. 

Miss. 

Mo. 

Mont. 

Neb. 

Nev. 

N. C. 

N. D. 

N.H. 

N. J. 

N. M. 

N. Y. 

Ohio 

Okla. 

Ore. 

Penns. 

R. I. 

S. C. 

S. D. 
Tenn. 
Texas 
Utah 
Vt. 

Va. 
Wash. 
W. Va. 
Wis. 
Wyo. 


City 


Mobile. 

Phoenix. 

Little Rock..., 
San Francisco. 

Denver. 

New Haven. .. 
Washington. . . 
Jacksonville.. . 

Atlanta. 

Boise. 

Chicago. 

Indianapolis... 

Dubuque.• 

W’ichita. 

Louisville._ 

New Orleans.. 

Portland. 

Baltimore. 

Boston.. 

Detroit.. 

St. Paul.. 

Vicksburg. 

St. Louis. 

Helena. 

Omaha. 

W'innemucca... 

Charlotte. 

Bismarck. 

Concord . 

Atlantic City.. . 

Santa Fe . 

New Y'ork City. 

Cincinnati . 

Oklahoma City. 

Portland. 

f^hiladelphia. .. . 

Providence. 

Charleston . .. . 

Pierre . 

Nashville . 

Galveston. 

Salt Lake City . 
Burlington . . 

Norfolk . 

Seattle . 

Parkersburg . . . 
Milwaukee .... 
Cheyenne. . 


Extreme 

Temperatures 


Low 


— r 

16 

—12 

27 

—29 

—14 

— 15 
10 

— 8 
—28 
—23 

_2.5 

—32 

—22 

—20 

—21 

— 18 
—24 
—41 
— 1 

_22 

—42 

—32 

—28“ 

— 5 
—45 
—35 

— 7 
—13 
—14 
—17 
—17 

— 2 
— 6 
— 12 

7 

—40 

—13 

8 

—20 

—28 

2 

3 

—27 

—25 

—38 


High 


103 ' 

119 

108 

101 

105 
101 

106 

104 
103 
121 
103 
106 
106 
107 

107 
102 

103 

105 

104 
104 
104 
104 

108 

103 

111 

104 

103 
108 
102 

104 

97 
102 

105 
108 
104 

106 
101 

104 

112 
106 
101 

105 
100 

105 

98 

106 
102 
100 


Mean 

Temperatures 


January 


52° 

51 

41 

50 

30 

28 

33- 

55 

43 

30 
25 
28 

19 

31 
34 
54 
22 
34 
is 

24 

12 

48 

31 

20 
22 
29 
41 

8 

22 

32 

29 

31 

30 
36 
39 

33 
29 
50 
16 

39 
54 
29 
19 
41 

40 

32 
21 
26 


July 


8 r 

90 

81 

58 

72 

72 

77 
82 

78 

73 

74 
76 
74 

79 
79 
82 
68 

72 

72 

72 

81 

79 

66 


68 

72 

69 

74 

75 
81 
67 

76 
72 
81 

75 
79 
83 

76 

70 
79 
63 
75 
70 
67 


Design Conditions 

- Winter 

Summer 

Dry Bulb 

Dry Bulb 

Wet Bulb 

15' 

95° 

79 

25 

110 

75 

5 

96 

78 

30 

90 

65 

—10 

95 

72 

0 

95 

75 

0 

96 

78 

30 

95 

79 

5 

95 

78 

— 10 

100 ' 

70 

—10 

95 

75 

— 5 

% 

76 

— 15 

96 

75 

0 

100 

75 

0 

98 

77 

25 

96 

80 

— 10 

92 

75 

0 

96 

78 

— 5 

95 

75 

— 10 

95 

75 

—20 

95 

75 

15 

96 

80 

0 

98 

79 

—20 

90 

68 

— 15 

100 

75 

— 10 

95 

70 

10 

96 

79 

—25 

98 

70 

— 15 

95 

75 

0 

95 

75 

0 

92 

70 

0 

95 

77 

0 

98 

77 

0 

100 

76 

10 

95 

70 

0 

95 

78 

0 

95 

75 

15 

96 

80 

—20 

100 

72 

5 

98 

79 

25 

95 

78 

— 5 

95 

70 

— 15 

92 

73 

10 

98 

78 

10 

90 

67 

— 5 

96 

77 

— 15 

94 

75 

— LT 1 

92 

70 
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NOTE — Both summer and winter comfort zones apply to inhabitants of the United ^ 
btates only. Application of winter comfort line is further limited to rooms by rooms heated ' 
by central station systems of the convection type. The line does not apply to rooms heated I 
radiant methods. Application of summer comfort line is limited to homes, offices and ^ 
the like where the occupants become fully adapted to the artificial air conditions. The Vijl 
line d^s not apply to theaters, department stores, and the like where the exposure is 
less than three hours. The optimum summer comfort line shown pertains to Pittsburgh 
and to other cities in the northern portion of the United States and Southern Canada, ^ 
and at elevations not in excess of 1000 ft. above sea level. An increase of one deg. ET should 7 . 
be made approximately per 5 deg. reduction in north latitude. 
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^ S H.V.E. sensations of warmth or cold depend, not only on 
the temperature of the surrounding air as registered by a dry bulb thermometer but also 
i^n the t«np«ra^re indicated by a wet bulb thermometer, upon air movement knd uoon 
f ^ relatively high temperature may feel cooler than air of c^- 

with a high moisture content. Air motion makes any moderate 
mdtr ^dltioM ® ^ ““Other important factor 

» of temperature, humidity and air movement which induce the 

thermo-equivalent conditions. A series of studies at the 
V.^. Research L^oratory established the equivalent conditions met with in general 
wr co^nditionmg wwk. This scale of thermo-equivalent conditions not only indicates the 
Kn^ticm of w^mth, but also to a considerable degree determines the physiological effects 
cold. For this reason, it is called the fff^cth>e temperature 
pcale or index, and it denotes sensory heat level. — A.S.H.V.E. ^ 



70 

TEIwtf>ERATURE F 


■ chart person at rest normaUy clothed in still air. The chart gives 

^ai combination of dry and wet bulb temperature! for 

warmth Effective temperature an index of the degree of 

- ex^rienced by the body. An effective temperature line is, therefore, a line 

warath R which will induce the sensations of 

1 necessarily follow that like sensations of comfort will also be 

entire length of an effective temperature line. Some degree of 
^!!rdles?of experienced at verv Wgh or very low relative huimdities, 

t^iemture tariff also been found that the optimum effective 

temperature varies with the season, and is lower in winter than in summer. 
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Variations in Effective Temperatures Necessary in 
Summer.— The mean summer comfort line (71° Fahr. effec¬ 
tive temperature, fig. 5) as an invariable quantity, is applicable 
only to situations where the occupants of the conditioned 
space remain therein long enough to become acclimated, 
usually a space of three hours or more. 


passing from an outside condition at 96° Fahi 
78 ^ Fahr. wet bulb (84.5° E.T.) into a room held at 71° E T. will ex- 
^nence an intense chill; this sensation of cold will remain for several 
houM, or until the body has had a chance to adjust itself to the inside 
conaition. 


dry bulb and 
E.T. will ex- 


In stores, theatres, public buildings of all kinds, and to a lesser degree 
in residences, it is necessary to modify this ideal figure of 71° E t" 
considerably. 


Table 1.—Recommended indoor temperatures in summer for vari¬ 
ous outdoor temperatures for 42 degrees North latitude for people at 
rest—American Blower Corp. 


Degrees 

Outside 

Degrees Inside 

Dry-Bulb 

Dry-Bulb 


Dew- 

Effective 

Wet-Bulb 

Point 

Temperature 

100 

82.5 

69.0 

62.3 

76.0 

95 

81.0 

67.7 

60.8 

74.8 

90 

79.5 

66.5 

59.5 

73.6 

85 

78.1 

65.3 

58.0 

72.5 

80 

76.7 

64.0 

56.6 

71.3 

75 

75.3 

63.0, 

55.6 

70.2 

70 

74.0 

62.0 

54.5 

69.0 


Table 1 gives a recommended scale of interior effective 
temperatures for various outside dry bulb conditions. In this 
;able also is given a recommended dry bulb and wet bulb 
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coMition for each effective temperature, pre-supposing an| 
interior condition held at an approximately constant relative 
humidity of 50%. 

It will be found that Table 1 will represent the best average condi-1 
tions for buildings with both transient and permanent occupancy,! 
which classification includes practically all structures wherein comfort* 
cooling is likely to be installed. 

It is to be expected that there should exist some difference of opinion 
as to the ideal interior conditions for various outside summer tem-i 
peratures. The data presented herein is based upon the reactions of 
certain groups of people, and the comfort conditions so established! 
might be at variance with the opinion of other individuals and groups,! 


I 
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ir Conditioning 


As defined by the American Society of Heating and Ven- 
^ lating Engineers, air conditioning is: The simultaTieous con¬ 
trol of all or at least the first three of those factors affecting both 
the physical and chemical conditions of the atmosphere within 
my structure. 


In general, air conditioning includes the processes of: 

1. Heating. 

2. Cleaning. 

3. Humidifying (in winter). 

4. De-humidifying (in summer). 

5. Cooling. 

Classification of Systems. — Air conditioning may be 
classed in numerous ways as: 

1. With respect to space served, as 
I a. Unit. 

I h. Central. 

I 2. With respect to season, as 

а. Winter. 

б. Summer. 

c. Summer and winter. 
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3. With respect to natwe of service, as a 

a. Domestic. m 

d. Industrial. fl 

4. With respect to the scope of the apparatus, as I 

a. Humidifying. 1 

h. De-humidifying. 1 

c. Combined humidifying and de-humidifying. 1 

5. With respect to the arrangement of the apparatus as I 

a. Unit or built in, integral part of the heating system. 
h. Separate unit. • 

6. With respect to the moisture control unit, as 1 

a. Humidifier (winter). i 

b. De-humidifier (summer). 

c. Combined humidifier and de-humidifier (winter and summei 

unit) ^ 

7. With respect to the method of humidifying, as 

a. Evaporating pan. ' 

5. Spray nozzle. 

c. Alleged atomizing nozzle. i 

d. Impact jet. ^ 

e. Drip screen. 

f. Wetted porous surfaces. 

- 

8. With respect to the method of de-humidifying as | 

a. Adsorption. 1 

6. Circulation of cooMng medium (water refrigerant). . i 

c. Cold water sprays. ^ 

d. Ice. i 

Various other classifications may be given, but the fore- 
going is adequate. 

Winter Air Conditioning. — In addition to warming air 
to a liveable temperature and holding it there, winter air 
conditioning includes. 
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1. Washing. 

2. Filtering. 

8. Humidifying. 

_ All three of these operations have a direct bearing on making 
the air m your home more invigorating and healthful. All 

ree o them are applicable whether you use convection 
(hot air) heating or convection plus direct radiation (steam or 
not water) heating. 

Oues. How is the conditioning apparatus arranged for 
nmace or steam or hot water systems? 

Ans. If you use a furnace, cleaning and humidifying equip- 
nent can be made an integral part of your hot air system, 
t you use steam or hot water, cleaning and humidifying 
JQuipment may be installed as a separate unit. 


twl! ^ P‘>«®ible to limit winter air condition- 

ing to the rooms where it is needed. 

vapora!"^””*^^’ ordinarily receive enough humidity from cooking 

side^ir.””™" occupied only at night and then are open to the out- 

^ humidified at all times. This leaves 

only living and dining rooms, and through the use of an economical 

SderatfSiiie® them can be held to a 


Summer Air Conditioning.—This calls for the refrigera- 
(on of air plus the necessary humidification or de-humidifica- 
t on. Because the cost of the equipment involved amounts to 
* ™portant figure, you may want to consider less expensive 
r lethods of increasing comforts during hot months. 

; Oues. What are the less expensive methods? 
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Ans. One of these lies in providing self-contained, small | 
size cooling units in certain rooms of your home. Another and ? 
frequently satisfactory method results from adding some device I 
to create greater circulation of air. ■ 

The fan used with a forced hot air system is not recommended for, - 
this purpose. f 

A better method is to install an attic fan which will provide satis- . 

• factory circulation during the day and draw cool air in during the night. ^ 

I 

Summer and Winter or Year Around Air Condition¬ 
ing.—The duties to be performed by this system is to ventilate, 
heat and humidify in winter and cool and dehumidify in , 
summer the spaces under consideration, and to provide the ^ 
desired degree of air movement and cleanliness. 

Owes. Of what does the equipment consist? 

Ans. It usually comprises preheater, filters, spray or surface 
de-humidifier, reheaters and by pass if required, fan, system of 
distribution ducts, and necessary means of manual or auto¬ 
matic control. 

Oues. What replacements may be made? 

Ans. Items in the foregoing may, of course, be replaced 
with others fulfilling the same purpose. 

For example, an absorption type dehydrator with an aftercooler may 
replace a dehumidifier. 

Ques. What is a dehydrator? 

Ans. An apparatus designed to remove water in all forms 
from matter. 

liquid water, hygroscopic water and water of crystallization or water 
of hydration are included. 

Oues. What do you understand by all that professorish 
stuff? 
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Ans. Water is water, no matter how formed. 

Comfort Air Conditioning.—By definition, the process by 
which simultaneously the temperature, moisture content, move- 
mnt and quality of the air in enclosed spaces intended for human 
occupancy may be maintained within required limits. 

The tenn “comfort air conditioning” in itself without *• 

may be regarded as ridiculous, however it should qualification 

largest percentage of normal adults feel comfortable. See chart pi^798^ 

Humidifying.—By definition, humidifying is: The addina 
moisture to the air. It involves the absorption of heat by the 
humidifying water for conversion to water vapor. ^ 

Ones. How is the heat supplied? 

Ans. Either by heating the humidifying water, or supplied 
from the air to be humidified. supplied 

Oues. What was the first humidifier? 

Ans. The commonest and least efficient device is the metal 

Oues. What is the trouble with this contraption? 

Ans. The amount of moisture released by this method is 

ot adequate and aside from this the normal condition of the 

sntamer is dry, due to inattention or ignorance as to thp 
[inction of the container. ignorance as to the 

Oues. How is heat supplied from air to be humidified? 
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HUMIDIFYING METHODS 



HEATING THE AIR 




NOZZLES 





Figs. 1 to 6 —Humidifyinpr methods. 





































































809 


Air Conditioning 


Ans. By heating the air. 


Dehumidifying Methods.—By definition; The taking 
away of mature from the air. In air conditioning, usually the 
two functions of dehumidifying and cooling are performed 
simul^^usly, although both may be done separately. De- 
numidifying is accomplished by one of two methods, as by: 

1. Cooling. 

2. Adsorption. 


Oues. How does the cooling method work? 
Ans. By condensation. 




Ans. Since the chilling process may render the air too cold 
or comfort it must in such case either be reheated to a suit¬ 
able temperature or mixed with sufficient recirculated air 


Ques. What is adsorption? 

Ans By definition: A term applied to the phenmnenm 
^imcted with the adherence of molecules of a foreign substance 
) the surface of a solid or a liquid. 


Owes. Describe the adsorption method. 

Ans. This method operates by passing the humid air through 
■wch substances as silica gel, activated alumena or Kathene 
^nich draw the moisture from the air. 


I 
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DE-HUMIDIFYING METHODS 


SPRAYING 

(temp, below dew point) 


1. BY COOLING 

COLD WATER COILS 



2. BY SORBENT MATERIALS 

SOLID ABSORBENT 



LfQUIO ABSORBENT 



Figs. 7 to 12—De-humidifyinj? methods 1, by cooling; 2, by sorbent materials. 
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Fiq. 14 —Schematic flow diagram of Servel all year gas air conditioner showing refrigeration 
unit. 
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In the absorber, the solution absorbs the refrigerant vapors which were formed in the 
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Essentials of an Air Conditioner.—In explaining the air: 
cycle through conditioner, reference is made to fig. 13 which' 
shows a schematic or elementary sectional diagram of the 
conditioner. 

Inlet air to the conditioner enters a plenum chamber which contains 
a large filter area which results in relatively low air velocities giving 
efficient cleaning. Entrance is provided to the filter section by access 
doors for removal of filters. The air after having been cleaned, passes 
through the cooling coil which is a part of the refrigerating unit. 

i 

Ques. What happens during the cooling cycle? | 

Ans. Heat is extracted from the air and moisture is con-]| 
densed on the cooling coil. Thus both functions of cooling and i 
dehumidification are performed simultaneous. I 

I 

>1 

Ques. What happens during the heating cycle? 

Ans. The air is warmed by the steam heating coil located . 
beside the cooling coil. i 

Ques. How is the steam supplied? 

Ans. By a gas fired steam boiler located in the base of the j 
conditioner. i 

Ques. How is the steam utilized? 

Ans. The steam is utilized for both the heating and cooling 
cycles. 

Steam, at atmospheric pressure, flows from the boiler into a two : 
position ‘‘steam diverter valve” which automatically directs the flow 
of steam to either the heating coils or the absorption refrigeration unit 

Owes. How does the valve operate? 

Ans. It is positioned by a selector motor which responds to 
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the heating and refrigeration switch located remotely on the 
selectrol. 

Ques. Where does the air go after leaving the heating coil? 

Ans. It passes through the humidifier which functions during 
jthe heating cycle only. 

Ones. Of what does the humidifier consist? 

Ans. It consists of a number of horizontal trays, each 
equipped with an overflow tube which feeds water to the next 
lower tray. 

. This arrangement provides a large evaporative surface for positive 
humidification. 

Ones. How is the water supplied? 

Ans. At a predetermined and controlled rate of flow to the 
humidifier trays. 

Ones. How is the air drawn through the unit? 

Ans. By a centrifugal type fan which delivers the heated 
or cooled air through a duct distributing system to the various 
spaces being conditioned. 

Oues. Describe the air volume automatic control. 

, Ans. Since less air is normally required for winter heating 
nhan for summer cooling, a flow restrictor is mounted in the 
scroll and functions on the heating cycle to automatically 
duce the flow of air by adding resistance. 

Ones. Of what does the flow restrictor consist? 

\ns. It consists of a pivoted blade which is shown as a dotted 
‘n fig. 13. 
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Ones. Describe the working of the restrictor. I 

Ans. When maximum air delivery is desired, the restrictor 1 
is positioned tightly against the inside column of the fan! 
scroll. When the restrictor is pivoted toward the fan wheel, thus! 
reducing normal wheel clearance, a resistance is thus imposed 1 
which alters fan performance to reduce air delivery. 1 

The air flow restrictor is moved automatically between predetermined I 

'‘summer” and “winter” positions by the selector motor. ' | 

Oues. Where is the by pass located. 

Ans. The by pass with automatic damper in the air circuit ; 
is located just below the cooling coil. See fig. 13. 

i 

Oues. What is its function? 

Ans. Correct air distribution practices dictate a need in 5 
some cases for the handling of a greater quantity of air on ? 
the cooling cycle than that which is required by the refrigera- ; 
tion unit for full rated cooling capacity. Should this excess : 
air be needed, the amount in excess of rated quantity should 
be handled through the by pass, thus assuring correct cooling 
coil performance. 

Oues. What happens to the by pass during the heating 
season? 

Ans. The by pass damper will automatically be repositioned 
by the selector motor to the closed position. 
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CHAPTER 58 


Filters and Washers 

^ Air cleaning equipment is classified as to whether the clean- 
mg be accomplished: 

1. By filtering. 

2. By washing. 

3. By combined filtering and washing. 

There are numerous types of each and they may be classed as: 

1. Filters. 

a. Dry i away 

b. Viscous I 

I automatic 

2. Washers, 

a. Sprayers. 
h. Alleged atomizers. 

0. Single stage. ' 

d. Double stage. 

e. Two unit. 

3. Combined filter and washer. 

a i 

t three unit 
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Ones, What filtering materials are used for dry filters? 1 

Ans. Cloth, porous paper, of pads loosely held fibers, spuni 
glass or some similar material. 

Ques. How are these materials treated when they become i 
dirty? 

Ans. They may be either cleaned or discarded. 

Oues. Of what are viscous filters made? 

Ans. They are made of rather course fibres coated with a 
sticky material. 

Ones. What is the object of the sticky material? 

Ans. It catches the dust as the air passes through the mat ^ 

Ones. How are viscous filters reconditioned? 

Ans. They are renewed by washing and recoating with 
fresh liquid. 

Ques. What is the effect of dirt accumulation on filters? 

Ans. The dirt builds up, increasing resistance to passage of 
the air. 

Ques. Describe the operation of air washers. 

Ans. They operate by passing the air first through fine 
sprays of water and then past baffle plates upon the wetted 
surface of which is deposited whatever dust and dirt that were 
not caught by the sprays. 

Ones. What advantage has air washers over filters? 

Ans. They do not become clogged with dust and therefore ^ 
are not subject to loss of efficiency. 
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I Oues. What disadvantage is sometimes encountered? 

_ Ans. When air washers do not remove the finest dust par¬ 
ticles and when local water and power rates are high, they may 
prove too expensive to justify themselves 


1. FILTERS 


I Air filters. These should fit tightly into the holder or 
frame. Care must be taken in the installation of the filters to 
prevent by passing of the air. 


GOOD 



POOR 




A gasket or tape can be used to seal the filters in the frame 
the filters do not fit snugly. Filters should be inspected at 
r^ast twice a year. 


Throw away type filters must be replaced with new ones and 
lie washable type filters should be cleaned when they become 
)aded with foreign matter. 
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In a new house, the first set of filters may become clogged after a || 
short time due to the presence of dust in the air, created by the building 1 
operation. 1 

In an old house, in which a winter air conditioning system is newly in- | 
stalled, the dust that accompanies the dismantling of the old heating I 
system may also clog the first set of filters in a short time. I 

If new rugs and carpets be used in the house, considerable lint will | 
be given off at first. Under such conditions replacement or cleaning of the ; 
filters will be necessary. J 

Air filters will effectively clean the air that is being circulated but ^ 
they will not prevent dirt leaking into a house. 

Ques. Where are air filters usually placed? 

Ans. They are commonly installed in the outdoor air intake ; 
duets of buildings and sometimes in the recirculated air ducts 
as well. 

In air conditioners filters are properly placed ahead of heating or j 
cooling coils and other air conditioning equipment in the system to j 
protect them from dust. 

Ques. In viscous type filters what kind of viscous sub- j 
stance is used? j 

Ans. Often an oil or grease known as the adhesive or saturant. j 

4 

Ques. How does a viscous filter function? | 

Ans. The arrangement of the “mat” is such that the air 
stream is broken up into many small air streams and these 
are caused to abruptly change direction a number of times in | 
order to throw the dust particles by centrifugal force against j 
the adhesive. I 

■j 

Ques. What is the method of cleaning viscous filters? ^ 
Ans. It differs for different types of filters and kinds of | 
dust. Much dry dust and lint can often be removed by | 
rapping the filter. | 
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Oues. What is the make up of throw away filters? 

Ans. They are constructed of inexpensive materials and are 
designed to be-discarded after one use. The frame is frequently 
a combination of cardboard and wire. 

Ques. How about cleanable filters? 

Ans. They usually have metal frames. Various cleaning 
methods have been recommended such as: Air jet, water jet, 
steam jet, washing in kerosene and dipping in an oil. The 
latter method may serve both to clean the filter and add the 
necessary adhesive. 

Ones. What is an automatic viscous filter? 

Ans. One in which means are provided to remove the dust 
from the medium mechanically; the medium of one type con¬ 
sists of moving cloth. 

The medium in a typical automatic filter at present consists of a 
series of specially formed metal plates mounted on a pair of chains. 
The chains are mounted on sprockets located at the top and bottom of 
the filter housing, so that the filtering medium can be moved as a con¬ 
tinuous curtain up one side and down the other side of the sprockets. 

The arrangement is such that, at the bottom, the medium passes 
through a bath of special oil which both serves to remove the dirt from 
the plates and acts as an adhesive when the cleaned plates next pass 
through the air stream. 

The plates forming the filtering medium or curtain usually overlap 
each other and due to their special shape many small air passages are 
formed between them. These air passages turn abruptly one or more 
times in order to give the impingement effect. 


Ques. What is usually furnished with an automatic filter? 
Ans. An electrically driven rotating device is usually sup¬ 
plied with an automatic filter. 

The device may be set to move the curtain periodically or a special 
switch, actuated by pressure drop, may be used to govern its motion. 


A 
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RISER SUPPORT. 



Fh;. (>— Airco two unit air washer showing various details of construction. 



















































1. Filter, 

2. Humidifier. 

3. De-humidifier. 
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Although not so effective as a filter, as when used to regulate 
the moisture in the air, it will be considered here simply as a 
filter for removing dust and dirt from the air. 


The essential parts of an air washer are: 

1. Enclosing case. 

2. Spray nozzles. 

3. Eliminators or baffles. 

4. Sump. 

5. Pump 

6. Blower. 


Contact between the air and the washer is secured: 


1. By breaking the water into a very fine mist. 

2. By passing the air through the mist and over surfaces 
(eliminators) which are continuously wetted by water. 

3. By passing the air through wet filter packs. 

Ques. What is the special use of eliminators? 

Ans. Eliminators or scrubber plates as they are sometimes 
called, are used largely to wash heavy reclaimable products 
from the air. 


Air Washer Essentials and Construction.— The essential 
parts of an air washer having eliminator plates are shown in 
figs. 4 and 5 and actual construction of a typical washer of the 
same type in fig. 6, which gives names of the various parts. 

The elementary diagram fig. 7 shows the elements of a type 
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washer which is provided for a filter in addition to the sprays 
and eliminators. 


The sketch simply shows the three elements and tank without other 
Items as pump, blower, etc. Actual construction of this type having 
we ?lass cells as filter is shown in the accompanying illustrations. 


Every air conditioning installation uses filters or washers 
of some sort and apparatus now being described is an example 
of the combined filtering and washing type. 



SPRAY NOZZLES 
Oues. Describe the sprays. 

Ans, Immediately inside the unit are spray nozzles, one to 
each filter unit. These create a curtain of spray cones so that 
the air passing through is pre-washed in the process. 
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S 


Fig. 8 shows one of the nozzles. 

Oues. How are the nozzles kept from clogging? 
Ans. By a wire cloth strainer in the settling tunlf . 

FILTERS 


Oues. Describe the filters. 

Ans. They are of the wet glass cell type. Each unit is held in 



a filter pack casing (fig. 9). The assembly comprises a bank of 
these glass cell washers 3 in. thick. 


The filtering material is made of spun glass .008 in. diameter and 
fabricated in cells 20 ins. square. Each cell contains 100 sq. ft. of scrub¬ 
bing surface. Fig. 10 shows a magnified close-up of filter material. 

Oues. What happens when the filters become dirty? 

Ans. The filtering action is not reduced by dirt on or in the 
packs, rather the cleaning action may possibly improve. How- 
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ever, the lowered air capacity of the unit is an adverse effect | 
of dirty filters. ? 

0«es. How may the filters be cleaned? 

Ans. By removing each cell in its metal casing and rinsing 
in an Oakite solution or similar cleansing agent. 



..M 
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TANK WATER LEVEL 

Oues. How is the required water level in the tank main¬ 
tained? 

Ans. By an automatic make up actuated by a float valve. 

This allows continuous operation of the pump at constant lift. 


Fig. 11 Buffalo air washer eliminators showing method of demountable assembly. 


Fig. 12—Buffalo single intake valve. 
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Filters and Washers 



Owes. What is the difference between two and three unit air washers. 
Ans. A two unit washer has no filter. 

These two types are shown in the elementary diagrams figs. 18 and 14. 
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ELIMINATORS 
Oues. Describe the eliminators. 

Ans. These consist of a series of corrugated steel plates 
spaced and set in a vertical position across the discharge end 
of the spray chamber shown in detail in figs. 17 and 18. 

Each one is made of a single sheet, the last three corrugations having 
projecting lips or gutters which remove all entrained moisture from 
the air. 



Fig. 15.—Bufifalo intake compartment with screen cover. 

Oue.s How are the eliminators anchored? 

Ans. They are held securely by steel angles demountably 
carried on clips on the casing sides. The angles are provided 
with slotted strips into which the eliminators fit snugly. 

Type Air Washer Without Filters.—In this type washer 
I the two cleaning elements are: 

I 1. Sprays, and 
I 2. Eliminator. 

i 

I 

I 

! 

-- - - . _ 
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diagram of Buffalo type A (two unit) air washer. The spray chamber 
o ^ 5?^^® placing the spray nozzles 4 feet in front of the ehminatora. 

JJJ®*^*®***! distance for a thorough mixture of the air, dirt and spray, and 

to prevent the water being 
^ eddy currents. This mixture of the “atomized*’ spray and 

completely filling the space between the nozzles and elimina¬ 
tors, and IS so thick that often the ehminators can hardly be seen from the inlet of the 
water The “ozzles are uniformly distributed, and not less than nozzles Ixep^ 
oi air handled per minute. The eliminators fu^s?i^ 

washers are spaced on m. centers. Each plate is made of a single sh^ 
stamped to form six corrugations, the last three hnvincr incr lii-io * : j 



mMw^ucwon. 1 ne piares can ne taken out for painting or repairs and renlaced 
quickly without knwking down the washer casing. The flooding of the eliminators is 
done by an independent set 9 f nozzles across the top. These nozzles distribute the water 

The flooding b used continuously, bu^pro^i^n b 
^e «h^? off atomizing sprays on very humid days. When the atomizing sprays 

fhi r appreciable increase in humidity. The eliminators are so^ang^ 

that the first fom corrugations ^e kept constantly flooded with a sheet of water which 
it t?the\*ett^g'^trn^"^^ already precipitated by the first set of sprays and washw 
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Note the Atitlnn'orallTin'l!?e “nrcRround® ‘'’ «“d part of the casing. 


IG. 18—Pi 

through which the air passes! ..».iowing washing surtace and narrow passages 

. U*> for the £y fs ridiculoik.*and'S o^X“t° i?£lei^k to {he 
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Ques. What is the function of this spray (alleged atomha- :1 
tion)"! i 

Ans. All solid matter is made thoroughly wet and heavy | 
and eliminated by centrifugal force or dynamic inertia (or ; 
whatever you want to call it) on the surface of the eliminators 
(scrubbing surface). 

Ans. After the air leaves the spray chamber what happens? 

Ans. The air is impinged upon the scrubbing surface of the 
eliminator plates. 

Ones. How are these plates arranged? 

Ans. Four corrugations of the plates are left flooded with 
a film of water, so the dust and other solid matter which has 
been wetted by the sprays, will be carried into the settling i 
tank below. 

Ques. How are the last two corrigations of the eliminator : 
arranged? 

Ans. They have projecting lips, which effectively remove 
all free or unabsorbed moisture, the air leaving the washer ; 
being clean, free from dust, dirt, soot and bacteria. 

Ques. What provision is made to prevent leakage past 
eliminator plates? 

Ans. Each bank of eliminator baffle or scrubber plates is 
provided with water-tight weather strips or baffles. 

Ques. What is the cleansing principle upon which elimina¬ 
tors work? 
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Ans. The sudden abrupt changes in the direction of the air 
flow causes dust and other foreign matter by virtue of its 
property of dynamic inertia to resist change in direction and 
continue in the same direction which causes it to be thrown 
onto the scrubbing surface of the eliminator. 

The construction of the eliminators is shown in figs. 17 and 18; met- 
hod of flooding in tig. 20. 

Oues. How about the washing surface of the eliminators? 
Ans. The eliminators are so arranged that the first four 


Fig. 19 — Exact size of Buffalo spray nozzles. Note size of the orifice of this standard 
spray nozzle with the openings in the strainer screen. 


Eliminator flooding. This is done by an independent set of nozzles as shown. 
They are called flooding nozzles. These nozzles distribute the water over the eliminator 
washing surface uniformly. The flooding is used continuously but provision is made for 
shutiing off sprays in summer on very humid days. When the sprays are shut off there is 
no appreciable increase in humidity. 
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corrugations are kept constantly flooded with a sheet of water 
which catches any solid matter, not already precipitated by 
the first set of sprays, and washes it to the settling tank. 

In fig. 20 note the washing surface and the flooding nozzles. 
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CHAPTER 54 


Humidifiers 
and De-Humidifiers 


As has previously been explained humidification by defini¬ 
tion is: The addition of moisture to the air, and the machine 



^liagram of spray type de-humidifier in which water is sprayed on 


which functions to add moisture to the air is called a humidifier. 

Also, de-humidification is: The removal of moisture from the 
(fir and when the machine which functions to remove moisture 
l^om the air it is called a de-humidifier. 


1. HUMIDIFIERS 


To add moisture to the air, heat is necessary, humidifiers 
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Fig. 2 — Buffalo type PC air conditioning cabinet. The parts are: 1. By-pass section^ 
2. Path of bypassed air; 3. Plenum chamber; 4. Fan housing, painted with asphalti 
5. Multi-blade wheel, designed for quietness; 6. Rubber mounted, self-aligning bearin 
7. Adjustable slide rails — rubber-mounted; 8. Welded drip pan under motor; 9. Univer..,.., 
motor base, fits all makes of motors; 10. Heavy welded drain pan with V 2 * insulation 
under entire unit; 11. Continuous tube water coil, direct expansion and steam coils aJ«L 
available; 12. Path of air to be cooled by coil; 13. Face and by-pass dampers; 14. FlaO 
drain connection requiring no headroom; 15. Filter section connects here. 


NOTE — These conditioning cabinets are made utilizing the auditorium by-pass patent! 
In the by-pass system, the full supply of air is kept circulating to and through the roon 
and back to the conditioner. Only a portion of the air is cooled. The balance of the retui 
air by-passes the conditioner, mixes with and re-heats the air that has gone through th 
conditioner. Then by correct adjustment between the two portions, the temperature ani.,_ 
relative humidity of the air supply to the rooms are controlled. By limiting the cooling ial 
the conditioner to the actual heat load, the refrigeration is always limited to the act 
needs, thus furnishing the moat economical design in both first coat and operation. 
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are used in winter air conditioning systems. The types of 
humidifiers used are: 

1. Spray type. 

2. Pan type, j single pan 

I multiple pan 

The necessary heat is obtained from heating coiis through 
which steam or hot water is passed. 


HEAT FROM THE WATER 

CONDENSATION of vapor ADDING moisture'' 

.TO THE.AIR : .; ■ . ' 


COLD 




Vi ■ >:o/• v .• 

■ ' V •. / I “I ^ V /} 

, > r: ^ \ ^ VAPOR J , 

)■ A' .... ‘ ^ j 


WARM 


> 1 * 


J 

■VVATER LEVEU 


Jj jLT i LJ ^ “ 



HOT WATER COIL 

EVAPORATING PAN" 

fio. .3 - Elementary diagram illustrating pan type humidifier. 











































Fici. 4 — Young single pan type humidifier showing assembly of pan heating coil and Moat 5 
valve which maintains the water at constant level. ! 

Ones. How is heat supplied to pan heating coils? ; 

Ans. Either by low pressure steam or forced hot water 1 
heating systems where water temperatures of 200° Fahr. or ! 
higher are maintained. | 

i 
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In the spray type, water is sprayed on a heating coil as 
shown by the elementary sketch fig. 1 and as constructed in 
! fig. 2. 


Oues. In the spray type how many nozzles are required? 
Ans. The number is dependent on the size of the unit and 
the amount of water to be added to the air. 
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HEATING COIL 



[Fig. 6-;-Servel schematic flow diagram; detail showing connections with heating coil and 
humidifier. 
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Humidifiers and De-Humidifiers 


The essentials of the pan type are shown by the elementary sketch 
fig. 3 and as constructed in fig. 4. Fig. 6 shows a heating coil and multiple 
pan humidifier unit. 


2. DE-HUMIDIFIERS 


The taking away of moisture from the air (de-humidifying)j 
is accomplished by one of two methods, as by: 



bv CTaviTvThp'n.T^tK'^o”''!- ““ S’*?*" >s condensed. The condensate flows 

Dy gravity though the steam line 1, passing through the diverter valve back to thp 
generator. Ample humidification is provided by the multiple trays- cut shows 
five trays. Water supply is automatic by a metering valve. An electric solenoid valve 
1“ metering valve ani through ?he hi"fnrcyX conT™1 

circuit is caused to cycle simultaneously with the operation of the gas burners The 


1. Cooling. 

2. Adsorption. 


De-humidification can be accomplished by an air washer 
so long as the temperature of the spray is lower than the dew 
point of the air passing through the unit. 
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Oues. Why? 


Ans. If the temperature of the spray be higher than the 
dew point condensation would not take place. 

Oues. What is removed in de-humidifying by cooling? 
Ans. Both sensible and latent heat. 



stMm diverter valve and selector motor. Steam at 212° Fahr flows from 

mrecte“theX“rf’tti™ m eith” .valve (fig. 6) which automaticaUy 

unS^The ‘3 the heating coil or to the absorption refrigeration 

switch«%’^t?n“aS'c<;Stog)’’oVt^^^^ 


Oues. When is sensible heat removed? 

Ans. During the entire time that the air is in contact with 
the spray. 


Dues. When does the latent heat removal take place? 
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MAKE-UP WATER 


TO 

DIVERTER 

VALVE 


:: OVERFLOW 
^CONDENSATE 

' return' 


WATER 
LEVEL - 
CONTROL 


Ans. During condensation. | 

Air washers having refrigerated sprays usually have their own re- 
circulating pumps. j 

Oues. How do these pumps deliver water to the spray? 

Ans. They deliver a mixture of water from the washer sump ^ 
which has not been re-cooled, and refrigerated water. 


Fig. 8 — Servel steam gas ourning generator showing attachments. 
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^unit. It cools 15° to 20° Fahr. below outside temperature de- 
hunudin^ and filters. Either cold water coils or Freon coils may be specified for cooling. 
For hewing, mther hot water or steam coils may be used. The same coil may be employed 
Jor j)oth cold water cooling and hot water heating. The coil de-humidifies as it cools. 
Cold water cooling and de-numidifying is most economical where water at 60° Fahr. or 
lower IS available from City water supply or from wells. The coil may be used with 100% 
fresh air or m any proportion of fresh and re-circulated air as desired. 


Humidifiers and De-Humidifiers 


Ones. How is the mixture proportioned? 

Ans. The quantities of each are controlled by a three way 
or mixing valve actuated by a dew point thermostat located 
in the washer air outlet or by humidity controllers located in 
the conditioned space. 


Cold water cooling and de-humiditying is most economical where 
water at 60° Fahr. or lower is available from City water supply or from 
wells. 

Fig. 9 shows a typical cooling and de-humidifying coil that cools 15° 
to 20° Fahr. below outside temperature, de-humidifies and filters. 
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Ques. What other method is used in place of cold water? 
Ans. Refrigeration, described in the next chapter. 

Oues. What is the adsorption method of de-humidifying? 

Ans. The use of sorbent materials for absorbing moisture 
from the air. 



I* IQ. 10—Rotating bed type solid adsorbent de-humidifier. It consists of a cylinder or 
drum ^ed with a de-humidifying or drying agent. In operation, air fiow through the 
drum 18 directed by baffles which permit three independent air streams to flow through 
adsorbing material. One air stream consists of the wet air which is to be de-humidified. 
1 he s^ond air stream is heated drying air used for drying that part of the de-humidifying 
material which has become saturated. The third air stream pre-cools the bed to perS 
an immediate pick-up of moisture when that part of the bed returns to the dehydration 
cycle. In the rotating bed type, the baffle sheets are stationary and the screen^ bed 
rotates at a definite speed to permit the proper time of contact in the drying, cooling 
and de-humidifying cycles. ^ 


Ones. What are sorbents? 

Ans. Substances which contain a vast number of micro¬ 
scopic pores which afford great internal surface to which water 
adheres or is absorbed. 
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Ques. What is the basic principle upon which sorbents 
remove moisture from gases? 


activation air inlet 



type solid adsorbent de-humidifier. It has two sets of stafinnnrv 
adsorbing ^ds arranged so that one set is de-humidifying the air while the other set*m 

to be fried flowr though onl sef 
drying air is heated and circulated*^ through the 
completion of drying, the beds are cooled by shutting oflF the dryfng air 
^ters and adowing unheated air to circulate through them. An automatic timer con- 
^ller IS provided to cause the dampers to rotate to the opposite side when the beds 
have adsorbed moisture to a degree which begins to impair%rfo?mance 
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Ans. Their property when properly active of having a low 
vapor pressure. 


Oues. How is air de-humidified by an adsorbent material? 


COOLING COIL AND 



Fig. 12 —Liquid absorbent de-humidifier. It includes an external interchanger having 
essential parts consisting of a liquid contractor, a solution concentrator, a solution 
heater and a cooling coil as shown. In operation, the air to be conditioned is brought 
into contact with an aqueous brine solution having a vapor pressure below that of the 
entering air. This results in a conversion of latent heat to sensible heat which raises the 
solution temperature and consequently the air temperature. The temperature change 
of the air being processed is determined by the cooling water temperature and the amount 
of moisture removed in the equipment. 


Ans. Air to be de-humidified is drawn or blown through a 
screened bed of dry-solid adsorbent and the water vapor in 
the air is caught and retained in the pores of the adsorbent. 
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Ones. Name two kinds of adsorbents? 

( Ans. Solid and liquid. 

f 

Oues. What liquid adsorbents are most frequently used in 
air conditioning? 



Fig. 13— Westinghouse central plant type self contained air conditioning unit with the 
component parts of an air conditioning system. The parts are: 1. Fan outlet; 2, expansiou 
valve; 3, fan wheel; 4, liquid line strainer; 5, sight glass; 6, suction line; 7, adjustable 
pitch pulley; 8, compressor starter; 9, removable cover; 10, fan motor; 11, fan motor 
starter; 12, filter section; 13, replaceable filters: 14, evaporator; 15, filter access panels; 
16, inlet duct fiange; 17, access panel; 18, Hi-lo pressure switch; 19, CLS compressor; 
20 , oil level sight glass; 21, fan motor compartment; 22, rubber mounted channels. 
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Ans Brines, of the chlorides or bromides of various in- | 
organic elements such as lithium chloride and calcium chloride | 
are the adsorbents most frequently used. I 

The accompanying diagrams figs. 10 and 11 illustrate de-humidifying ' 
with solid adsorbents. j 
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CHAPTER 55 


Refrigeration 
for Air Conditioning 

With the increasing use of all year comfort air conditioning 
installations, the importance of refrigeration is greatly mag¬ 
nified as some type of refrigerating unit is used in these in¬ 
stallations for cooling. 

There are two basic systems of refrigeration used in air 
conditioning, known as: 

1. The compression system, and, 

2. The absorption system. 

Low temperature may be produced 

1. By transfer of heat from a warm to a cold body. 

2. By expansion of a gas. 

3. By evaporation of liquids having low boiling points. 

Classification of Systems. — The numerous systems of re- 
ngeration may be classified according to several points of 
new, as: 

1. With respect to the heat absorbing medium, that is the 
:oohng agent employed as: 














854 


Refrigeration for Air Conditioning 



а. Ammonia. e. Dichlorodifluorinethane. j 

б. Freon. /. Monochlorodifluoromethane. I 

c. Methyl chloride. g. Monofluorothichloromethane. 

d. Carbon dioxide. ? 


2. With respect to the working of the heat absorbing medium J 
or cooling agent (refrigerant) as: 

a. Compression 

b. Absorption. 

3. With respect to the manner of applying the refrigeralj 
tion as: 

a. Direct expansion. 

h. Indirect expansion (brine circulating). 

c. Semi-indirect expansion (brine congealing), etc. 

In large industrial plants the ammonia compression and i 
ammonia absorption systems are the most extensively used. 

The Refrigerant.—By definition a refrigerant is: A suh- ‘ 
stance which produces a refrigerating or cooling effect by its 
absorption of heat while expanding or vaporizing. 

Owes. What kind of refrigerant is generally used? 

Ans. A liquefiable vapor. 

By lowering or raising the pressure on the refrigerant it will boil or 

condense respectively. 

A refrigerant to be suitable for domestic or commercial re¬ 
frigeration should possess the following properties: 

1. High latent heat. 5. Non-explosive. 

2. Low boiling point. 6. Non-corrosive on metals. 

3. Low condensing point. 7. Non-injurious and non-offensive odor. 

4. Non-inflammable. 8. Easily detected in small quantity. 

9. Low cost. 
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Compression System. Essential Parts.—The essential 
parts of this system are (/or direct expansion cooling)'. 1, com¬ 
pressor; 2, condenser; 3, receiver; 4, expansion valve; 6, ex- 
mansion coils as shown in fig. 2. 

' From the discharge valve of the compressor to the expansion 



valve IS the high pressure portion of the system, and from the 
expansion valve to the inlet valve of the compressor is the low 
pressure portion. 


Cycte of operation: 1, compressor compresses refrigerant (in gaseous 
cmdeo^te'^^ pressure; 2, gas is cooled in condenser and condenses the 
condensate p^mg into receiver still in liquid state; 3, pressure is re- 
®' r passing through expansion valve, causing vaporiza- 
refrigerant; 4, the latent heat of vaporization is ab- 
sorbed from surrounding substances in passing throught the expansion 
<»ils of the vaporizer producing the refrigeration effect; 6, the refrigerant 
still in gaseous state returns to compressor, thus . completing the cycle. 
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'aunssaad mot 


Fig. 2 Kssential parts of compression sys lem illustrating operation. 
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SUCTION LINE TO COMPRESSOR 

KROM EXPANSION COILS 


TO condenser 

jLl 


Hot 

RECEIVER 


COMPRESSOR 


1?IG. 3 —How an atntnonia compression system works, 1. The compressor pumns the 
ammoma vapor from the expansion coils into the receiver compressing it to about 150 lbs. 


COMPRESSOP 


HOT 

RECEIVER 


PROM 

WATER SUPPLY'-^^ 


ammonia vapor condenses 



COLD CONDENSER 


^ *'**"^Pression system works. 2. The ammonia vapor com- 
a the receiver to the condenser which being c^led by 

toX WeT^Tof the''~ndeXr*''' ‘ ® ammonia to condense, the liquid falling 
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Owes. Name two methods of compression? 

Ans. Dry compression and wet compression. 

Owes. What is dry compression? | 

Ans. Compression in a cylinder cooled by a water jacket or 5 
air cooled. 



Fig. b—How an ammonia compression system tvorks, 3. Liquid ammonia at lh« / 
mto^thl through the vary small outlet of the expansion val^ 

»»®*P^*'®*^*^ wils. The liquid ammonia thus injected into the exnansion cofls^ 
^^® pi'essure in the expansion coils is much less than in the^ 

i“^X'-.^3thus&® t"h tempfraT.S?of«.^mmoi^ 

^KL- .ixfec'.'feb'tiss g'S.Siir'KJsxtsr.ra 

Oues, What is wet compression? 

Ans. In this method there is no cylinder jacket but a certain) 
amount of the refrigerant in liquid state is allowed to enter the- 
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EXPANSION VALVE 


OF STATE. 
VAPOR) 


VAPOR 


Fig. 7 —Effect of the expansion valve. When the equilibrium between pressure and tern - 1 
perature of a liquid or gas is disturbed a change of state occurs, accompanied by a transfer^ 
of Mat. In the diagram, if the temperature and pressure at L, be such that the ammonia^ 
is in the liquid state a sudden reduction of pressure at F (exit of expansion valve) will -j 
cause a change of state, the liquid flashing into vapor, a considerable amount of heatf^ 
being transferred to the ammonia to accomplish t^ change of state. The heat thus f] 
supplied being known as the latent heat of the ammonia. 


HIGH 
PRESSURE 


LATENT HEAT SUPPLIED BY 
CONDUCTION THROUGH 
METAL OF COIL 


BLACK AREA * LOSS DUE TO WIRE DRAWING AT CUT OFF 
“PRESSURE IN VALVE CHAMBER 
PRESSURE IN CYLINDER AT CUT OFF 
-DROP IN PRESSURE DUE TO 



WIRE DRAWING 


INDICATOR CARD 



Figs. 8 and 9 —- Steam engine analogy illustrating effect of the expansion valve. The, ; 
familiar “D” slide valve has an inherent defect of traveling slowly at and near the point 
of cut off. The restricted passage thus presented “chokes”’ or “wire draws” the supply : 
of steam to the cylinder thus causing the pressure to drop considerably below the pres- • 
sure in the valve chamber as indicated in fig. 8. Similarly the refrigeration system 
expansion valve wire draws or chokes the supply of ammonia (steam) from the receivar 
(valve chamber) to the expansion coil (cylinder) thus causing a drop of pressure as the 
ammonia (steam) enters the expansion coil (cylinder). 
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Ammonia Absorption System.—In this system the com¬ 
pressor is replaced by a vessel called the absorber where the 
expanded vapor takes advantage of the property of water or a 
weak ammonical liquor to dissolve ammonia gas. (At 59° Fahr. 



/(?^ . analogy of expaMxon valve effect. When the conditiona are aa in 
1 “ equilibrium and no change of atate occurs. If more heat 
the 3.nthriS f the safety valve to pop as m fig. 11, the pressure is reduced destroying 

^ water and steam. Some of the water flashes into steam to restore 

f state occxirs which involves a transfer of heat in amount 

® ^ of evaporation. Similarly, when liquid ammonia passes 

through the ppansion valve, equilibrium of pressure and temperature of the liquid am- 
® of state occurs (liquid to vapor) involving a transfer of 

fluf f conduction through the metal of the expansion coil in amount corresponding to 
the latent heat of the ammonia. ^ 


water absorbs 727 times its own volume of ammonia vapor). 
The liquor in the absorber is then pumped into a still heated 
by steam pipes where the ammonia gas is vaporized, the 
remainder of the process being then the same as in the com¬ 
pression system. 
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Ques. What is the comparison between the absorption and I 
compression systems? ^ 

Ans. The absorption system is less expensive to install and | 
commercial ammonia hydrate 62% water may be used in the * 
absorber. 




I* iGS. 12 And Id- Steam engine analogy illustrating cooling due to expansion. As the piston 
moves from the pomt of cut off L, to the point F. the pressure falls as the steam expands 
as mdicated by the card (fig. 12). During the expansion (L to F) heat in the steam is 
convert mtp work by the piston, the temperature falling as shown in fig. 13, which 
r^ults in cooling the cylinder walls. Similarly^ in the dense air type refrigerating machine 
the ‘e:^ander” is similar to the familiar cut off steam engine. The expansion of the air 
lowers Its temperature and cools the refrigerating pipes in the same way that expanded 
steam cools the cyliner walls. 


i 


'I 

i 

] 

\ 


Absorption System Essential Parts. — The essential parts ; 
of this system are (for direct expansion cooling) as shown in ( 
fig. 14. ^ 
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Cycle of operation: 1, the strong liquor vaporizes in generator; 2, 
ammonia gas produced in generator passes to condenser and condenses- 
3, liquid ammonia from condenser passes through expansion valve and 
vaporiz^ in the expansion coils which produce the cold or refrigerating 
effect; 4, ammonia gas from expansion coils is absorbed by the weak 
liquor in the absorber, producing strong liquor; 5, the strong liquor is 
pumped from the absorber to generator via the exchanger, where the 
hot weak liquor passing from generator to absorber gives up some of its 
heat to the strong liquor, thus completing the cycle. 


AMMONIA ABSORPTION SYSTEM 
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Comparison of Compression and Absorption Ma¬ 
chines. — A commercial absorption machine consists essentially 
of six parts, three of which are present in the compression 
machine as will be seen from the following: 


Compression Machine 

1. Compressor. 

2. Condenser. 

3. Receiver. 

4. Expansion coils. 


Absorption Machine 

1. Absorber. 

2. Ammonia pump. 

3. Generator. 

4. Condenser. 

5. Receiver. 

6. Expansion coUs, 


AMMONIA 

COMPRESSOR 


DISCHARGE 
/END 








-ABSORPTION SYSTEM 


DISCHAR&t END 


CONDENSER 


r 


I I 




_ 

o 




SXTION 
END h: 




RECEIVER 


EXPANSION 
COIl^ 


pc 


A- 


:? 

:> 





SUCTION EN0> % ABSOf&R 


-COMPRESSION SYSTEM 

Fig. 15 — Elementary combined compression and absorption machines showing that each 
system has in common a condenser,receiver and expansion coils. 


From the two lists it is seen that the condenser, receiver and i 
expansion coils (in italics) are common to both systems. This is j 
further shown in fig. 14 from which it is seen that the com¬ 
pressor is replaced by an absorber, ammonia pump and a ] 
generator. ) 
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Refrigerating Units for Comfort Cooling and Air Con¬ 
ditioning.—The foregoing explanations were given to give an 
ndea of the basic principles involved in the two systems generally 
[used. 

When designing comfort cooling and air conditioning systems 
many problems are encountered, the most important of which 
is the selection of a suitable cooling medium, that is refrigerant. 

The cost of installation, cost of operation and cooling results 
desired, have an important bearing on the type of refrigerant 
to be selected. 

A compressor condensing refrigerant such as Freon, methyl 
chloride, etc., can be used in connection with evaporator 
coils to give the necessary cooling effect. 

In some localities the City water is cold enough to provide sufficient 
cooling, while in other localities well water can be obtained at low enough 
temperatures to produce all of the cooling effect required. 

There are other systems that use adsorption or absorption processes 
to remove the moisture from the air, depending on City water or other 
cooling means for sensible cooling only. 

Ice water or refrigerated water is used in many comfort cooling in¬ 
stallations. Various combinations of the foregoing types of systems are 
often used successfully in an effort to lower operating costs. 

Cold water plays an important part in nearly all types of 
comfort cooling systems. 

Equipment for pumping and handling water is not particularly ex¬ 
pensive and requires but little servicing with the result that in many 
cases the use of water as a cooling medium is considerably cheaper than 
other refrigerants both from the standpoint of installation and operating 
costs. The water discharged from the cooling systems can bO used for 
lawn sprinkling or process work in factories and does not have to be 
wasted. 


Typical Refrigerant Circuit.—The schematic diagram 
liere given fig. 16 shows the arrangement of component parts 
in a typical refrigeration system involving the use of: 
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EVAPORATOR FAN-^ 









Pig. 16 Elementary diagram of a typical refrigeration system for air conditioning. 
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1. A condensing unit and 

2. A conditioned air cooling unit having: 

a. Diaphragm type expansion valve. 

b. Feeler bulb. 

c. Solenoid valve. 
c. Strainer, etc. 

(Like those described in manufacturers catalogues.) 


Oues. Describe the cycle. 

Ans. In fig. 16, the hot gas leaving the compressor 1, loses 
heat and becomes a liquid in the condenser 2, flowing into a 
receiver 3, called the liquid receiver. The liquid refrigerant 
under pressure then goes from the receiver 3, to a heat ex- 
ihanger 4, where it loses more heat, then through a strainer 
U, which prevents impurities entering the control valves—and 
iirough the solenoid control valve 5, which controls the flow 
iccording to the demands of the automatic temperature con- 
U’ol it goes into the automatic temperature control. From here 
It goes into the expansion valve where the pressure is reduced 
'The liquid refrigerant thereupon flows into the evaporator 
cooling unit) and at the reduced temperature evaporates, 
ihsorhin^ heat from the air blown by the fan over the evaporator 

uUllS* 

*lfi '■^^fserant leaving the evaporator is a cold gas at low pressure 
capable of absorbing more heat. It is therefore fed into the heat ex 

pressure liquid refrigerant, improving the 
efficiency of the system. From here, as a relatively warm Iw pressure 

compressor again to repeat 

The Expansion Valve.—The valve number 6 in fig. 16 is an 
xpansion valve of the diaphragm type. It is a device to 
egulate the flow of liquid refrigerant so that the evaporator 
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will always be supplied with the proper amount of refrigerant 
to meet conditions. 

Owes. What is the proper amount? 

Ans. The amount should be such as will keep the evaporator 
full without any chance of liquid refrigerant entering inlet 
line to compressor. 

0«es. How does the expansion valve accomplish this? 

Ans. By regulating the supply of refrigerant so that the ' 
temperature of the gas leaving the evaporator is a little higher 
than the boiling point of the refrigerant inside the evaporator. 

This excess temperature over boiling point superheats the gas. 

Ques. What are the essential parts of an expansion valve? 

Ans. A valve so arranged that pressure acting on a dia¬ 
phragm tends to open the valve which is opposed by a spring 
which tends to close the valve. The pressure acting on the 
diaphragm is under contol of the feeler or control bulb which 
is actuated by changes in temperature. See fig. 16. 

Ques. Describe the operation of the valve. 

Ans. A small refrigerant charge in the control bulb exerts a 
pressure on the upperside of the diaphragm. The magnitude of 
this pressing depends upon the temperature of the gas leaving 
the evaporator. Pressure in evaporator is transmitted to lower 
side of diaphragm via equalizer and exerts an opposing force 
to that on upper side of diaphragm — this force being in a 
direction to close the valve. 

I 

Ones. To what does the pressure in equalizer pipe correspond? ' 
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Ans. It corresponds to the temperature of the boiling 
[refrigerant. 


Oues. How is the resulting force on the diaphragm de¬ 
termined? 


DIAPHRAGM PRESSURE 
TENDS TO OPEN 


SPRING 

TENDS TO CLOSE 


LIOUIO 

REFRIGERANT 

SUPPLY 



CHANGE OF STATE 

(liquid TO vapor) 


o'^aUoS^ expanaion valve; elementary diagram showing essentiel. and 

Ans. By the difference in pressure on the two sides of the 
liaphragm. 

That is the difference between the temperature of the outgoing gas 
and the boiling point of the refrigerant which is the amount of super-heat 
in the gas. ^ 

If this difference in temperature become greater, super-heat increases, 
the resultant force on the diaphragm opens the valve and admits more 
refrigerant. Again if super-heat decrease the valve partly closes admit- 
ting less refngerant. 
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Ques. What is the object of the spring? 

Ans. It keeps the valve closed until the resultant force on 


the diaphragm corresponds to the desired super-heat. 

The spring is adjustable. Fig. 19 shows construction of a typical 
expansion valve. 



Figs. 18 and 19 — Sectional view showing construction of a typical diaphragm type expan- | 
sion valve. 

Evaporators. — These are also referred to as direct expansion 
coils, as it is within these coils that the liquid refrigerant ad¬ 
mitted through the expansion valve undergoes a change of 
state from liquid to a gas, that is, it boils and expansion takes 
place, the volume occupied by the gas per unit volume of the 
refrigerant depending upon the pressure within the expansion 
coils that is within the evaporator. 
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Oues. How are the coils arranged for the direct cooling 
of an-? *“ 

Ans. The refrigerant is inside the coils and the air passes 
over them. 


Ques. Upon what does the removal of heat from the air 
depend? 

Anx. Upon convection and conduction 



Owes. What types of coil are used? 

Ans. The coil can be either smooth or finned. 


equal cool- 
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Ques. What should be noted about the spacing of the finsa 
Ans. They must be spaced far enough apart so as noi tel 
retain the moisture which condenses out of the air beina 
cooled. ' I 

With adqauate spacing the moisture runs down the fins to the draiiS 
pan and thus makes moisture elimination unnecessary except at verjj 
high velocities. Fig. 18 shows construction detail of a finned evaporator 
coil. 

» 

Condensers. —By definition a condenser is: A device used 
for liquidfying a gas by cooling. In refrigeration condensers 
are used for liquifying the refrigerant and they may be classed 
with respect to the cooling method as: 

1. Air cooled. 

2. Water cooled. 

8. Combined and water cooled (evaporative). 

Air Cooled Condensers. — This type consists of a coil of 
ample surface across which air is blown by a fan. 

They are only used for small capacities unless water supply is very 
difficult to obtain. 

Owes. Describe its operation. 

Ans. The hot frigerant discharged from the compressor in' 
gaseous state enters the coil at the top and as it is condensed 
drains out of the condenser to a receiver located at a lower 
level. 

Oties. What are the objections to air cooling? ' 

Ans. The power required to move the air and reduction of 
capacity on hot days. I 

. Water Cooled Condensers. — ^This type with respect to' 
cooling method is similar to the steam surface condenser in that 
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Oues. Describe the water and refrigerant circulation. 

Ans. Water passes through the inner of two concentric pipes, the refrigerant ci 
culation through the annular space between the pipes. 

Ones. is th© a’pplication of "this type? 
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I - Refrigeration for Air Conditioning 

I Ans. Used for small condensing units. 

, Oues. For best results how should the refrigerant and cool- 
t ing water flow? 

: Ans. The condenser should be connected for counterflow. 


removed showing coil sections, elimina- 


I Oues. Why? 

I Ans. To obtain maximum temperature differences. 
iMenserr^^^ construction of the shell and coil type 
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Ans. It consists of a coil of tubing mounted within a shdl. 
The cooling water passes through the coil. 

This type is adapted to medium size units. 



Evaporative Condensers.—^By definition, an evaporative 
condenser is: A cooling unit for condensing refrigerants and 


25. — U. S. Airco type EC evaporative condenser with front panel and intake grille 
removed, showing coil, surface hot gas and li(]uid heaters, etc, * 


consisting of a coil over which water is sprayed^ meeting a current 
of air passing through the condenser. 




Qvies. How does it work? 
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Ans. As the water evaporate$ from the coil, it brings about 
a cooling effect which condenses the refrigerant within the coil. 

The hot refrigerant gas within the coil is thus changed to the liquid 
state by the combined action of the sprayer water counter-currently 


Fig. 27 — U. S. Air Co. type R two stage evaporative condenser. The first stage coil of 
bare tubes is for removal of the sensible su^r heat from the gas. These bare tul:^ permit 
easy clearing of lime or other deposits on the coil in the evaporation process. The second 
stage coils consists of finned tubing for the lower temperature remov^ of latent heat 
from the gas. 
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’'^nfen ~mmer.^ter control of steam 
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passing over the coil and against a large volume of moving air supplied 
by the fan. 

Oues. What becomes of the water not evaporated? 

Ans. It is recirculated over and over again by means oi 
a pump. 

What is the main feature of evaporative condensers? 
Ans. They save a great percentage in the amount of water 
used and permit large compressor installations where water 
is scarce. 

According to U. S. Air Conditioning Corp. the amount of water re¬ 
quired will not exceed .03 g.p.m, per ton of refrigeration. Evaporative 
condensers also eliminate waste water disposal problems and provide 
the most economical means of cooling refrigerant gases. 

Ones. What kind of coils are used? 

Ans, Plain, finned or a combination of both. 

Fig. 26 shows an evaporative condenser and associated units assembled. 
An example of actual construction is shown in fig. 27, the latter being 
provided with both plain and finned coils. 
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CHAPTER 56 


Cooling with Steam 


Sounds fishy, but it isn't. The temperature of water can be 
very easily lowered by the action of steam to any temperature 
above 35° fahr. 


Principle of Operation.—^This is based upon a simple well 
known law: The boiling point of any liquidy as watery depends 
upon the pressure to which it is subjected. Lowered pressure 
produces lowered boiling points. 

Oues. What happens if a liquid at a certain temperature 
and corresponding boiling point be sprayed into a closed vessel 
in which the pressure is lower? 

Ans. The entering liquid is above its boiling point at the 
new reduced pressure and rapid evaporation takes place. 

Owes. What happens during the process of evaporation? 

Ans. The liquid must absorb heat—the latent heat of 
evaporation. 

This latent heat is very large compared to sensible heat requirements. 

For instance it requires 10 B.t.u. to cool one pound of water from 50® to 

40® Fahr. while to evaporate one pound of water at 40° Fahr. requires 
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1069 B.tM, K this heat be not available from some external source (as in 
a st^m boiler) it will be abstracted from the remaining unevaporated 


I Oues, What does this conversion of sensible to latent heat 
|(lo? 

I Ans. It cools the remaining liquid. 

I 

I Oues. How long does the process continue? 
j Ans. It will continue until the liquid is at a temperature 
^corresponding to the boiling point at the maintained pressure. 

A study of the heat quantities involved will show that to cool one 
pound of water from 50° to 40° Fahr. requires the evaporation of about 
1% of the water. It is therefore necessary to replace this amount from 
some external source. 


I What becomes of the total evaporated water together 

r th the necessary propelling steam? 

Ans. It is later condensed and recovered, and if desired, in 
jvery pure form for boiler feed or other purpose. 

Oues. What is the application of this method of cooling? 

Ans. It is suitable for comfort conditioning and process 
cooling. 

An example of equipment is the Ross Decalorator of which a flow 
diagram is shown in fig. 1, with temperatures and pressures for one 
selected condition of operation. It should be understood that the evapor¬ 
ator and condenser temperatures and pressures will vary according to 
the operating conditions. 


Ques. What is the evaporator? 
Ans. It is simply a flash tank. 


Oues. What pressure is maintained in the evaporator? 
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Ans. A high vacuum: 29.67 ins. of mercury (which corre¬ 
sponds to a normal barometric pressure for a 40° Fahr. boiling 
point for water). 


Oues. How is this vacuum created and maintained? 
Ans. By the action of ejectors and condenser. 


Ones. Describe the operating cycle. 

Ans. The water to be chilled, returning from the air condi- 
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tiojiing or other heat exchanging apparatus at a temperature of 
60° Fahr. is sprayed into the evaporator. On account of the large 
surface of the spray, the boiling, or flashing is very rapid and the 
unevaporated water falls to the bottom of the eVaporator 
chilled to 40° Fahr. At this temperature it is withdrawn from 
.the evaporator by the chilled water piunp and pumped to the 
heat exchanging apparatus, to again absorb heat, thus com¬ 
pleting the cycle. 

The accompanying Table I shows pressure temperature relations for 
steam. See also Steam Tables, pages 52 and 63. 


TABLE I. 

PRESSURE-TEMPERATURE RELATIONS FOR STEAM 


Water 

Temperature 
® Fahr. 

Absolute 
Pressure 
” Mercury 

Vacuum 

Referred to 

29.92 " Mercury 
Barometer 

40 

0.248 

29.673 

50 

0.362 

29.559 

60 

0.522 

29.399 

70 

0,739 

29.182 

80 

1.033 

28.888 

90 

1.421 

28.500 

100 

1,932 

27.989 

110 

2.594 

27.327 


Oues. What should be noted in the table? 

Ans. While in the table sub-atmospheric pressures are given 
•IS inches of mercury vacuum, it should always be understood 
that these are referred to a normal atmospheric pressure of 
29.92 inches of mercury. At high elevations or under other con¬ 
ditions producing barometric pressures less than normal It is 
necessary to correct the vacuum, as read, for the deviation of 
i;he barometric pressure from the standard. 
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_ 

Ques. Describe the action of the booster ejector. \ 

Ans. In the booster-ejector, steam flowing at high velocity : 
through nozzles located in the ejector head is expanded in the i 
venturi-shaped diffuser. The kinetic energy of the steam is in ■] 
part utilized in imparting velocity to the water vapor liberated i 
in the evaporator and in compressing this vapor over a compres- i 
sion range from the evaporator pressure to the condenser pres- i 
sure. In this compression, the temperature of the water vapor ! 


Fig. 3.—^Another view of the Decalorator of fig. 2* This unit has three 
three condensers in multi-stage aeries. 

is raised so that it can be readily condensed by condensing water 
at temperatures normally available, 

Ques. How is the initial evacuation and constant purging of 
air and other non-condensible gases accomplished? 
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Fig. 4- Primary booster -iecbora for a 276 ton Decalorater in an Eastern oil refinery. 


Ans. This is handled by a secondary group of ejectors and 
condensers. 

Owes. Describe them. 

Ans. They are relatively small in size, but of the greatest 
importance, and normally consist of two steam operated 
ejectors in series, each with its own condenser in which con- 


f 
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densing water condenses the propelling steam and entrained f 
vapor. By the action of this group the air and non-condensibles, i 
entering the Decalorator in the steam, the water, and through I 
leakage, are evacuated and compressed in two stages and finally | 
discharged to the atmosphere. I 

Condensers used in the Decalorator may be either of the surface type, I 
with water passing through condenser tubes over which the mixture of I 
operating steam and water vapor flows, or of the jet or barometric type, | 
with condensing water sprayed directly into the steam mixture. ’ | 

The amount of condensing water and condensing surface employed is 
such that normally the vapor temperature in the condenser is 6® Fahr. 
above the condensing water discharge temperature. This fixes the termi- J 
nal pressure condition to which the steam mixture is compressed. 1 

The initial pressure condition (in the evaporator) is determined by the i 
chilled water temperature desired. Variation in either of these two con¬ 
ditions affects the compression range and therefore the amount of oper¬ 
ating steam required. 

j 

In fig. 1, the condensing water enters at 80° Fahr. and leaves 
at 96° Fahr. The primary condenser is therefore at a temper¬ 
ature of 100° Fahr. and the condenser vacuum 27.99 ins. Hg. 
The compression range for this example is from 29.67 ins. to ; 
27.99 or 1.68 ins. Hg. 

In the primary condenser the mixture of flash water vapor 
and propelling steam is condensed by the condensing water. 

In an installation using surface type condensers, the resulting con- 
deiuate is withdrawn by the condensate pump and disposed of as required, 
while in a machine using jet or barometric condensers, the condensate and i 
condensing water are mixed and the mixture handled by one pump 
according to the job requirement. 

The Evaporator.—Since there exists in the evaporator a 
vacuum of approximately 34 feet of water, there is available a 
net head of 15 feet of water to draw warmed water back to the 
evaporator sprays. 
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Cooling systems served by the evaporator may be divided 
into two classes: 

1. Closed systems. 


j which the water is circulated continuously without exposure to the 

air, as in cooling coil installations. 

2. Open systems. 

In which the chilled water circuit is non-continuous and is exposed at 
some point to atmospheric pressure, as in air washer installations. 


Ones, What is the action in closed systems? 

Ans, Any chilled water removed from the evaporator by the 
chilled water pump forces an equal amount from the closed 
system through the evaporator sprays. Therefore, on this type 
of system a spray water float control on the evaporator is not 
necessary and is not normally furnished. It is, however, neces¬ 
sary to admit a controlled amount, make up water from some 
external source to replace that lost by evaporation in the 
evaporator sprays. 

When operating on closed systems, the evaporator is provided with a 
float actuated makeup water controller supplying fresh water to maintain 
a constant evaporator liquid level. 

Oues. How does the evaporator work on open systems? 
Ans. On open systems, the chilled water removed from the 
evaporator by the chilled water pump is collected, after ab¬ 
sorbing heat, in an open tank—the tank of an air washer, and 
is drawn back to the evaporator due to the evaporator vacuum 
if sufficient, or by a separate warm water pump. 

Oues. How is the reduced pressure in evaporator or pump 
prevented drawing all the water from the tank? 

Ans. A spray water float controller actuated by the water 
level in the evaporator is provided. 

This device maintains constant evaporator water level by throttling 
the return warm water flow. 
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Ques. How is control of the make up accomplished in an 
open system? 

Ans. In open systems, control of the makeup water to replace 
that lost by evaporation must be provided at some external 
point, as in the washer tank. Since the water level is maintained 


CONDENSER DISCHARGE TEMP. 85* F. 


Steam Pressure 
Lbs. Per 


Chilled Water Temperatures 

Sq. In. Gauge 

40 Deg. 

45 Deg. 

50 Deg. 

55 Deg. 

60 Deg. 

2 

48.5 

36.9 

27.9 

23.0 

19.5 

10 

42.4 

32.0 

24.8 

20.9 

18.1 

30 

35.0 

29.2 

24.5 

20.3 

17.6 

50 

31.1 

26.8 

23.2 

19.6 

16.7 

80 

27.4 

23.6 

20.8 

18.0 

15.5 

100 

25.4 

21.8 

19.1 

16.8 

14.8 

175 

23.6 

20.3 

17.8 

15.9 

13.6 


CONDENSER DISCHARGE TEMP. 

Cliilletl Waler Temperatures 

100° F. 

40 Deg 

45 Deg. 

50 Deg. 

55 Deg. 

60 Deg. 

89.5 

65.5 

46.6 

37.7 

32.8 

71.6 

51.5 

37.6 

32.0 

28.6 

54.1 

44.0 

36.4 

30.0 

26.6 

47.0 

39.4 

34.0 

28.6 

25.1 

40.5 

34.6 

30.4 

26.2 

23.0 

37.5 

32.0 

27.7 

25.0 

21.9 

35.0 

29.9 

25.8 

23.2 

20.4 


constant in the evaporator by the spray water float controller, 
loss from the system by evaporation will manifest itself as a 
lowered level at the point exposed to the atmosphere. Here a 
small float operated valve must be provided to control make up. 
This is a normal part of most air washers and is not provid^ 
with the Decalorator. 
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Temperature Control. — The construction of a booster- 
ejector does not permit modulated or partial operation as the 
steam supply to a booster must be completely open or closed. 
Flexibility of operation and ability to meet partial load condi¬ 
tions are accomplished by a number of methods, but primarily, 



Fig. OO- Chart showing condensing water consumption for Ross Decalorator. 
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by the use of more than one booster-ejector, each carrying a 
portion of the total load and each individually controlled. 

However, multiple boosters bring complications in machine design and 
arrangement and it is desirable to limit the number of booster-ejectors 
to the minimum consistent with the nature of the load and the source of 
steam. 

Under the Ross system of multiple condenser control, the J 
shutting down of a booster-ejector is accomplished by the 
closure of the steam valve and a small air valve in the con¬ 
denser take-off to the secondary group. 

The primary condenser serving the closed booster gradually comes to 
the evaporator vacuum. There is no change in resistance to the flow of 
water. Since the valves involved are relatively small in size, this method 
of control lends itself well to automatic operation. 

Deealorators are furnished with one booster-ejector automatically con¬ 
trolled by a thermostat in the chilled water line. i 

I 

Ques. What is the action of this thermostat? | 

Ans. It opens and closes the necessary valves to maintain a 
constant chilled water discharge temperature and takes care of | 
hourly variations in the cooling load. I 

Owes. How are seasonal variations handled? 

Ans. By the manual control of the other booster-ejectors. 

Owes. How is the starting of a Decalorator normally accom¬ 
plished? ' 

Ans. As follows: The steam valve to the secondary ejector 
group is opened, the condensate pump is started, and condens¬ 
ing water is allowed to pass through the condensers. Under the 
action of the secondary ejectors, the pressure in the primarj' 
condenser is reduced until the mercury vacuum gauge is at | 
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approximately 28 in. vacuum, corrected for extraordinary 
barometer readings. This usually takes from 5 to 15 minutes. 
When this point is reached, the main primary booster steam 
valve is opened manually and the desired number of manually 
operated booster-ejectors are placed in service. The automatic¬ 
ally controlled booster-ejector, if supplied, opens imder the 
action of the chilled water thermostat. The chilled water pirnip 
is now started and the entire Decalorator is in operation. 

The secondary group of ejectors has relatively small steam consump¬ 
tion and is in operation at all times to keep the machine purged of air until 
the entire unit is finally shut down by hand. If the secondary ejectors 
were shut off with the last primary booster-ejector, there would be a con¬ 
siderable lag between the opening of the primary booster-valve and the 
starting of cooling. 

Any automatic control of the secondary ejectors must be provided 
with a limit switch and with delay relays to start the secondaries first and 
hold opening of the primary booster-ejector until the required condenser 
vacuum has been reached. 

It should be noted that the existence of a liberal chilled water storage 
is an effective safeguard against rapid cycling of the booster-ejector steam 
valve. This is normally provided by the amount of water in circulation in 
the system piping and the water storage capacity in the cooling coils or 
washer tank. When this amount is for any reason less than normal, or 
where especially stable operation is desired, it is advisable to install on 
the discharge side of the chilled water pump an instdated tank to provide 
an additional storage of chilled water. 
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CHAPTER 57 


Service 


The service man must not only have a working knowledge 
of the theory of air conditioning, but must understand the con¬ 
struction and operation of the various units comprising the 
make up of air conditioning machines. All of this has already 
been given in preceding chapters. 

Moreover, he must know how to make various tests for nor¬ 
mal or abnormal operation, and be prepared with the equipment 
necessary to make these tests, also how to cope with the various 
troubles likely to arise. 

As a preliminary, the service man should be familiar with air 
conditioning terms (including refrigeration). These are here 
given: 

DEFINITIONS 

-OF- 

AIR CONDITIONING AND REFRIGERATION TERMS 

Absolute pressure. — Gauge pressure + atmospheric pres¬ 
sure. 

Usually taken as 14.7 lbs. per sq. in. for ordinary calculations, Bxact 

value is given by barometer reading. 
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Atmospheric air.—A mixture of pure air with water vapor 
and impurities, such as smoke, dust or pollen. 

Atmospheric pressure.—The sum of the pressures of dry 
air and vapor which exists around us at all times. 


Backseating a valve.—The compressor discharge and inlet 
stop valves are usually provided with a double seating valve 
and a gauge tapping. Turning the valve stem all the way to the 
right (forward) closes the outlet of the valve and in this position 
the gauge connection is open to the pressure in the compressor. 

Turning the valve stem all the way to the left (out) back seats the 
valve, and closes off the gauge connection. Therefore, when attaching a 
gauge or charging line to gauge opening, the valve must be back seated 
to prevent escape of refrigerant from gauge tapping. 


British thermal unit part of the heat required 

to raise the temperature of one pound of water from 32° to 212° 
Fahr. 


This is the mean Bd.u, 

G.f.m.—Cubic feet per minute. 


Used in air conditioning to indicate the capacity of fans and blowers. 

Charging.—The addition of refrigerant to a system from an 
external drum. 


Conduction.—The transfer of heat through substances; 
from one substance to another. 

Convection.—The transfer of heat by the motion of the 
heated matter: takes place only in liquids and gases. 

' Chimney draught is due to temperature difference which causes the 
heavy cold air outside to push up the light hot air inside the chimney. 

De-humidification.—Removal of moisture from the air. 
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Dew point (D.p.) temperature. — ^The temperature at 
which the dry and wet bulb thermometers read the same. 

Discharge pressure. — Refrigerant pressure measured at the 
compressor discharge service valve. 

Dry air. — ^Air containing no water vapor (moisture). 

Dry Bulb (D.b.) temperature. — ^Air temperature as regis¬ 
tered by the ordinary bulb thermometer. 

Ex-filtration. — Leakage of air from a room through open¬ 
ings, (objectionable term). 

Should be called leakage out. 

External latent heat. —The amount of heat required be- 
[: cause of the work in pushing back the atmosphere to make room 
for the steam. 

Equal to 72.89 B.t.u. to transform one pound of water at 212® Fahr. 

into steam at the same temperature, referred to a stationary water level.* 


Filtration. — Removing impurities from air. 

Frosting back. — The appearance of frost on the intake line, 
extending as far back as the compressor. 

I Gas. — The refrigerant in either the liquid or gaseous state. 

Gauge pressure. — Pressure measured above atmospheric 
i pressure. 

! 

! Heat. — ^A form of energy known by its effects. 


*NOTE. -The author does not agree with the generally accepted calculation for the 
external latent heat or external work of vai>orization and holds that it is wrong in prin¬ 
ciple. The author holds that “Since the water already existed at the l>eginning of vapor¬ 
ization, the atmosphere was already displaced to the extent of the volume occupied by 
the water, and therefore this displacement must not be considered as contributing to tfcfe 
external work done by the steam during its formation as indicated in pages 44 and 45. 
For the author’s theory see Audel’s Engineers & Mechanics Guide, Vol. I, page 31. 


lb 
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Heat Load. — ^All heat, both sensible and latent, that must be 

removed from an enclosure to establish the desired condition of t 
the aiTjWithin an enclosure. i 

Heat transfer.—The flow of heat from a higher to a lower 
temperature level. | 

Heat can be transferred by radiation, conduction and convection. 

High pressure control.—An electrical contact device oper- j 
ated by head pressure and acting as a safety control to prevent ^ 
damage to the compressor in case of dangerously high head 
pressure. 

High side.—That part of refrigeration system under high 
pressure. 

Sometimes used to designate the condensing unit. 

Humidification.—Addition of moisture to the air. 

In-filtration. — Leakage of air from outside into a room, 
(objectionable term). 

Should be called leakage in. 

Insulation. —A bad conductor of heat. 

Intake pressure. — The refrigerant pressure, as measured at 
the compressor intake service valve. 

Internal latent heat. — The amount of heat required to 
raise the temperature of one pound of water from 32° to 212° ^ 
Fahr. = 180 B.t.u. 

Latent heat. — That quantity of heat which “disappears” ' 
or becomes concealed in a body while producing some change 
other than a rise of (dry bulb) temperature. 

Unqualified the term is the total latent heat internal latent heat+ 

exterruil latent heat. The term enthralpy for toal latent heat Is objection- i 
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able as being “professorish”. Use simple language that even the ignorantia 
can understand. 

Low pressure control.—^An electrical contact device oper¬ 
ated from the inlet line pressure which acts to prevent com¬ 
pressor operation when the inlet pressure falls below a pre¬ 
determined point. 

This may be used either as an operating or safety control. 

Low side.—That part of a refrigeration system lying between 
the expansion valve and the intake valve in the compressor. 
Includes the evaporating or cooling surface, the intake line and 
the compressor crank case. 

That part of the equipment under intake pressure. The term is some¬ 
times used to designate the evaporator coils. 

Moisture content. — The total amount of water vapor which 
the air in a given space is holding in suspension. 

This quantity is usually expressed in grains (7000 grains of moisture 
equal one pound). 

Occupancy.—^The number of people within a conditioned 
space. 

Pumping down.—The process of removing the refrigerant 
from that part of a refrigeration system to be opened to the 
atmosphere. 

Pure air.—mechanical mixture of various gases, consisting 
of approximately 21% oxygen, 78% nitrogen and 1% inert 
gases. 

Purging.—Release of air or non-condensable gases from a 
system, usually through a cock placed on or near the top of the 
receiver. 

Also applied to the sweeping of air out of a newly installed part or 
connection by releasing refrigerant gas into the part and allowing it to 
escape from the open end, thus pushing the air ahead of it. 
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Radiation. — The transmission of heat by radiant rays. 
Radiant heat flow is similar to the travel of light, since the heat i 
can be absorbed, reflected, or transmitted, in a straight line. 

There are certain substances, such as air and glass, which allow radiant ; 
heat waves to pass through, without being greatly heated themselves. ' 
The heat energy these waves carry is given up only when they meet a 
medium through which they cannot pass. The passing of the sun’s rays 
through the atmosphere to the earth, without the loss of very much heat 
energy, is a good example of radiant heat flow. 

Relative humidity.—The degree of saturation of the air 
with water vapor. 

Determined by the use of the wet and dry bulb thermometers. The 
higher the dry bulb temperature, the greater will be the amount of water 
vapor a given quantity of air can absorb. 

Saturated air. — ^Air containing as much water vapor as it I 
can hold at a given dry bulb temperature, 1 

Saturation. — The condition of the gaseous refrigerant in the I 
presence of boiling liquid at a given pressure. I 

In tables of properties of refrigerants corresponding temperatures and 1 
pressures are given at the saturation point. | 

Saturation temperature. — Dew point temperature. 

Sensible heat. — That part of heat which produces a rise in I 
temperature as shown by a dry bulb thermometer, as distin- | 
guished from latent heat. | 

Sling psychrometer.— A frame, holding a wet and diy bulb | 
thermometer, equipped with a handle enabling it to be whirled 
rapidly, so that maximum-evaporation can take place on the 
wet bulb, to give an accurate reading. 

When testing single room air conditioners, the psychrometer is usually 
placed directly in an air stream, making whirling unnecessary. 

Slugging.—Liquid refrigerant returning to compressor caus- ; 
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ing valves to be noisy. Oil being pumped out of compressor 
crank case or returning to compressor in a solid mass, causing 
knock in compressor. 

Specific heat.—The ratio between the amount of heat neces¬ 
sary to raise the temperature of a substance one degree and the 
heat necessary to change the temperature of one pound of 
water one degree. 

Specific volume.—The cubic feet of space occupied by one 
pound of atmospheric air (mixture of dry air and water vapor). 

For air conditioning calculations, it is customary to assume the specific 
voiume of air to be equal to 13.85 cubic feet per pound. This assumption 
is based upon air at 80° D.B., 50% r.h. 

Suction pressure.—A very objectionable term for intake 
pressure—^refer to Intake Pressure. 

Super-heat.—Additional heat beyond that required to pro¬ 
duce saturation at any specific pressure. 

Super-heat is generally stated in terms of degrees Fahrenheit above 
the saturation pressure. 

Example—Frorn the table of Freon properties, it is seen that the 
temperature corresponding to 84 lbs. gauge pressure is 80° Fahr. Should 
a temperature measurement of refrigerant at 84 lbs. pressure show 90° 
Fahr. the gas would be said to have 10° of super-heat. 

Vapor pressure. — The pressime actually exerted by the 
vapor in the surrounding air. 

The greater the quantity of vapor present in the air, the greater will 
be the pressure exerted. 

Ventilation.—The process of supplying or removing air, by 
natural or mechanical means, to or from a space, in order to 
attain a satisfactory standard of purity and freshness. 

It is nece^ary in all air conditioning work to supply a certain quantity 
of outside air to replace the room air which has absorbed odors, smoke, 

^ 
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Temp. 

M.' 

1 

j^nTT fTTTT 2 SSSS asssis sassa sssaa 

Entropy 
from —40° 

it 

jiiiil iiiil lipii iiiii iiiii iiiii iiiii 

m 


Liquid 

Btu./lb°F. 

0.00940 

.01033 

.01126 

.01218 

.01310 

0.01403 

.01496 

.01589 

.01682 

.01775 

0.01869 

01961 

.02052 

.02097 

.02143 

.02235 

0.02328 

.02419 

.02510 

.02601 

02692 

0.02783 

02873 

.02963 

.03053 

.03143 

0.03233 

.03323 

.03413 

.03502 

.03591 

0.03680 

.03770 

.03859 

.03946 

.04037 

Heat Content 
from -40° 

■I| 

75.87 

78.11 

76.34 

78.57 

76.81 

77.05 

77.29 

77.52 

77.75 

77.98 

78.21 

78.44 

78.67 

78.79 

78.90 

79.13 

79.36 

79.59 

79.82 

80.05 

80.27 

80.49 

80.72 

80.95 

81.17 

81.39 

81.61 

81.83 

82.05 

82.27 

82.49 

82.71 

82.93 

83.15 

83.36 

83.67 

Latent 

Btuyib. 

71.80 

71.63 

71.45 

71.27 

71.09 

70.91 

70.72 
70.53 

70.34 

70.15 

69.96 

69.77 
69.57 

69.47 
69.37 

69.17 

68.97 

67.77 
68.56 

68.35 

68.15 

67.94 

67.72 

67.51 

67.29 

67.07 

66.85 

66.62 

66.40 

66.17 

65.94 

65.71 

65.47 

65.24 

65.00 

64.74 

if 

~^a 

4.07 

4.48 

4.89 

6.30 

5.72 

6.14 
6.57 
6.99 ' 
7.41 
7.83 

8.25 

8.67 

9.10 

9.32 

9.53 

9.96 

10.39 

10.82 

1 11.26 

11.70 

12.12 

12.55 
13.00 
13.44 
13.88 

14.32 

14.76 

15.21 

15.65 

16.10 

16.56 

17.00 

17.46 

17.91 

18.36 

18.82 

Density 


1.4042 

.4219 

.4403 

.4593 

.4789 

.4993 

.5203 

.5420 

.5644 

.5872 

.6109 

.6352 

.6606 

.6735 

.6864 

.7129 

.7402 

7687 

7981 

8288 

8598 

8921 

9251 

9588 

9930 

028 

065 

102 

140 

180 

221 

263 

304 

349 

393 

438 


Liquid 

lb./ft.s 

92.58 

92.38 

92.18 

91.97 

91.77 

91.57 
91.35 
91.14 
90.93 
90.72 

90.52 

90.31 

90.11 

90.00 

89.88 

89.68 

89.46 

89.24 
89.03 
88.81 

88.58 

88.37 

88.13 

87.91 

87.68 

87.47 

87.24 
87.02 
88.78 

86.65 
66.33 

86.10 

85.68 

85.66 
85.43 
85.19 

1 

If 

2.474 

2.370 

2.271 

2.177 

2.088 

2.003 

1.922 

1.845 

1.772 

1.703 

1.637 

1.574 

1.514 

1.485 

1.457 

1.403 

1.351 

1.301 

1.253 

1.207 

.1.163 

1.121 

1.081 

1.043 

1.007 

0.973 

0.939 
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.877 

.848 

.619 

0.792 

.787 

.742 

.718 

.695 

§ 

Liquid 

ft.Vlb. 

1.0108 

.0106 

.0108 

.0109 

.0109 

.0109 

.0109 

.0110 

.0110 

.0110 

.0110 

.0110 

.0111 

.0111 

.0111 

.0111 

.0112 

.0112 

.0112 

0112 

0113 

0113 

0113 

0113 

0114 

0114 

0115 

0115 

0115 

0116 

0116 

0116 

0116 

0117 

0117 

0117 


1 


0.58 

1.31 

2.07 

2.85 

3.67 

4.50 

5.38 

8.28 

7.21 

8.17 

9.17 
10.19 
11.26 
11.81 
12.35 
13.48 

14.65 
15.86 
17.10 
18.38 

19.70 

21.05 

22.45 

23.88 
25.37 

26.89 

28.46 
30.07 
31.72 
33.43 
35.18 

36.98 

38.81 

40.70 

42.65 

44.65 

& 

4 

15.28 

16.01 

18.77 

17.55 
18.37 

19.20 

20.08 

20.98 

21.91 

22.87 

23.87 
24.89 
25.96 

26.51 
27.05 
28.18 

29.35 

30.56 
31.80 
33.08 

34.40 

35.75 

37.15 

38.58 
40.07 

41.59 

43.16 
44.77 
46.42 
48.13 
49.88 

51.68 

53.51 

65.40 

57.35 

56.35 

1 
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etc. This outside air eliminates odors, and supplies the necessary oxygen 
to the occupants. 

Water control valve.—A valve used at the water inlet to 
the condenser on a water cooled machine j which is operated by 
the head pressure to admit more or less water to the condenser, 
to maintain a relatively constant head pressure. 

Wet bulb depression.—The difference (measured in de« 
grees) between the dry and wet bulb reading of a thermometer. 

Wet bulb (w.b.) temperature.—The temperature indi¬ 
cated by an ordinary thermometer, with its mercury bulb cov¬ 
ered by a wet, tubular wick, placed in an air stream. 

The evaporation of the moisture from the wet bulb causes a reduction 
in the dry bulb reading of the thermometer. The amount of depression or 
lowering of the wet bulb temperature depends upon the moisture content 
of the surrounding air. When the air is quite dry (low humidity) evapora¬ 
tion from the wet bulb is rapid, resulting in a lower wet bulb reading. The 
true wet bulb temperature is indicated when the depression reaches its 
maximum value. The wet bulb temperature is an indication of the total 
heat of the air. 

General Service Operations 

It must be thoroughly understood that the greatest precau¬ 
tions must be taken to exclude air and moisture from a refriger¬ 
ation system and that it should not be opened to the atmosphere 
without first removing the refrigerant from that part of the 
system to be serviced. 

The following information on general service operations is 
based on the use of 'Treon-12'' since this is the most common 
refrigerant encountered. The same instructions apply to methyl 
chloride with the added precaution that methyl chloride is in¬ 
flammable in concentrations of 8 to 18% with air, and suitable 
care must be observed when using an open flame to prevent fire. 
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Pumping Down. — Whenever a refrigeration system is to be 
opened to the atmosphere for service operations or repairs, it is 
necessary to remove the refrigerant from the part of the system 
to be opened. 

The refrigerant is confined to the receiver by closing the liquid line 
stop valve and (with a gauge attached to the intake stop valve) operating 
the machine. Thus all the gas is drawn back to the compressor and con¬ 
densed in the condenser, but is prevented going further by the liquid 
stop valve. 

Final evacuation of the system should be to a pressure of 1 to 2 lbs. 
so that when it is opened temporarily the slight gas pressure will permit 
a small amount of refrigerant to escape and prevent the entrance of air 
at the opened port. 

When performing this operation, first pull the gauge pressure down to 
about 5 in. vacuum, and stop the machine. The gauge pressure will quite 
rapidly build up. 

When it reaches 0 lb. start the machine again, and pump down again 
to about 5 in. vacuum. The build up will be slower and finally if the oper¬ 
ation be timed correctly, will rise to slightly over zero and stay there several 
minutes. 

Owes. If by chance the pressure will not rise to 0 or slightly 
i above, what shall be done. 

I Ans. Sufficient gas can be admitted to the system by quickly 
opening and closing the liquid stop valve, to build the pressure 
up to the desired point. 

Qvies. What is necessary during the pumping down period 
on any system where the low pressure safety control is set 
above 0. 

Ans. It will be necessary to manually hold the contacts on 
the pressure control closed to permit operation of the machine. 
^ In order to confine refrigerant in the condenser, close the com- 
pressor discharge shut off valve. 

I Ones. What should be done if the final evacuation reached 
I a pressure lower than 0 lbs. gauge. 

I^ 
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Ans. Sufficient refrigerant should be bled into the evacuated 
part of the system to raise the pressure to between one and two 
lbs. gauge. Connections are then broken and the replacement or 
the new part installed. One connection on the part should first 
be made so that the air or other foreign gases in the part can be 
swept out through the free end by purging with refrigerant gas 
bled from the charge in the system. The other connection or 
connections are then quickly made. 


Owes. What is the procedure if more than a few minutes 
must elapse during preparation after breaking connections. 

Ans. The free ends of the system should be plugged. Re¬ 
frigerant or oil charging lines, although of small size and short 
length, should be purged with refrigerant gas immediately be¬ 
fore actual charging starts. 

Ones. What will an examination of any system show. 

Ans. It will show that repairs cannot be made in the high 
side between the discharge stop valve and the liquid line shut¬ 
off valve without either losing the refrigerant charge or trans¬ 
ferring it to an empty refrigerant cylinder. 

If the receiver be provided with a stop valve at its inlet the high side 

piping can be worked on by confining the charge of refrigerant in the 

receiver. 

Testing for leaks. — The best method for finding leaks is with 
a Halide torch. There are two types; 

1. Alcohol type, and 

2. Compressed gas type. 

Owes. What may be said as to testing with oil or soap suds. 

Ans. Tests of this kind will only locate the larger leaks and 
are therefore ineffective in determining the tightness of a system. 
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Oues. What is the construction of Halide torches. 

Ans. Both are so constructed that the flame heats a copper 
disc mounted in the upper end of the torch. A flexible detecting 
:ube is provided with the torch to carry traces of Freon gas to 
the flame when the open end of the tube is held near a leak. 

Figs. 1 and 2 show the two types of torch and fig. 3, parts of the alcohol 
torch. 


Fig. 1. — Halide torch, compressed gas type. 


Oues. How is the 
torch filled with alcohol. 

Ans. The base cap M, 
fig. 3, of the torch is 
used as a filler cap. Un¬ 
screw this cap and fill the 
small tank L, located 
under it with alcohol. 


kind of 
alcohol should be used. 

Ans. Whenever possi¬ 
ble, use anhydrous alco¬ 
hol, although other al¬ 
cohols may be used such 
as wood alcohol.* 


*NOTE. — Formula No. 10 with¬ 
out rust inhibitor, Solox, Shelaco, or 
any denatured alcohol that does not 
have a solid or heavy gum used as a 
denaturant. However, the use of 
anhydrous alcohol is strongly recom¬ 
mended. Alcohols that contain solids 
will cause clogging, filling the fuel 
passages and thus impairing the 
operations of the torch. 
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Oues. How is pressure produced in the fuel tank? 

Ans. By the heat of generation at the time the alcohol 
burned in the small cup under the burner. 



18 = 


Owes. How does the alcohol vapor thus generated, bum? 



FLEXIBLE DETECTING TUBE 
HAME REGULATOR KNOB 


Pig. 2.— Halide orch alcohol type. 
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3. — Parts of Halide torch. 


Ans. The alcohol vapor burns with a blue tinted flame when 
mixed with air in the burner—almost colorless. 

. 

Oues. What precaution should be taken in filling the torch 
»nd why? 
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Axis, Do not fill too rapidly, as time must be a^'owed for the ^ 
wick within the tank to soak up the fuel. i 

If this precaution be not taken only a partial charge of alcohol will be i 
put in the tank, thus cutting down the operating time till the charge is I 
exhausted. Ordinarily the torch will burn about 46 to 60 minutes on a full ! 
charge, depending upon size of flame. ' 


Oues. What are the instructions for lighting the torch? 

Ans. To generate the torch, the small cup located directly 
under the burner should be half filled with alcohol and lighted. 
Allow this alcohol to bum away completely before attempting 
to make tests. When lighting the burner, be sure to open the 
valve very little. If the torch do not light at once, partially 
choke off the air supply through the sampling tube to increase 
the richness of the mixture when lighting. 

Oues. How should the flame be adjusted when testing for 
very small leaks? 

Ans. Throttle the flame as the percentage of the sample being 
drawn in through the sampling tube increases in proportion to 
the amount of fuel being consumed with the reduction of the 
flame size. 

At no time should the valve be opened to the extent that the flame 

flares out of the top of the chimney. 

Oues. What precaution should be taken before generating 
the torch? 

Ans. Be sure that the base cap is screwed on tightly and also 
that the packing nut on the hand wheel control valve is tight. 

A loss of pressure at these points will affect the operation of the toroh. 

Oues. How is the torch handled in testing for leaks? 
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Ans. Place the end of the exploring tube at the joint or point 
of test and observe color of the lamp flame. 

Oues. What are the color indications? 

Ans, In detecting a small leak (Freon) the flame changes 
to a slight green color; when the leakage is large the flame 
becomes a brilliant blue or purple. 

Oues. What happens in case of large leakage? 

Ans. The torch flame will be suffocated and extinguished. 

Ones. What precaution should be taken before testing? 

Ans. The room where the torch is used should be well ven¬ 
tilated; if not, the air may contain sufficient Freon vapor to 
cause the flame to burn green throughout the room. 

Oues- What facilitates detecting slight changes in the color 
of the flame? 

Ans. Slight changes in color may be easily noticed by keep¬ 
ing the flame in the dark as much as possible. 

Ones. What causes different colors of the flame? 

Ans. The air used in the burner being drawn through the 
sampling tube, any traces of Freon-12 or methyl chloride mixed 
with the incoming air are immediately evident. The gas decom¬ 
poses when coming into contact with the headed copper flame 
ring in the burner and colors the flame. 

Fig. 4 shows method of using the torch. 

Points on Using Halide Torch, — 1. Hold torch so that the 
torch is always visible. 
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2. Test all threaded, flared and valve cap joints as well as 
soldered connec,tions in tubing. 

Fig. 6 shows points where leakage might take place aroimd a com¬ 
pressor. 

^ 3. If the Freon leak be not detected by a preliminary search, 
pinch the end of the exploring tube nearly shut to increase the 
velocity of the air drawn in by the burner. 
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This will draw in Freon laden air from around the leak and into the 
I tube. Then release the end of the tube so that it opens to its normal size. 
The Freon laden air in the tube will rush through the flame and give a 
definite leak indication. 

I 4. The open end of the detecting tube must be very slowly 
"moved all around every joint and as close thereto as possible. 



;CdMPR5SSOft,HF^O-PLATE GASKETS 


%RAZEO-TUBING 
CONNEGTIOMS ' 
■SERVICE-VALVE .• 
GASKET 
VALVE 

'mounting bolts 


FLARr-NUf 


JEARING-HEAD GASXET 


GAUGE CONNECTIONS 

'valve stem'seal cap 


^OTTOM-PLATj'te'ASICET 


Fig. 5.—Possible leak points around Philco compressor. 


5. If the Freon charge be found to be low (less than 60 lbs. 
pressure) it will be necessary to add Freon to the system in 
order to make a small leak apparent. 


6. Remove all traces of external oil before testing for shaft 
seal leak. Fig. 6. 


L 
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Charging the System (Philco').—When a full charge is 


Fic; 6. CheckiH^r the (rorii|)rt .sKor for leakh. 


This is because the oil may contain sufficient Freon to indicate a leak. 
A small amount of oil leakage around the seal is normal. 

7. Leakage at the oil filler plug or service valve can be 
eliminated by tightening the connections or by replacing the 
gaskets. 

















NOTE WEIGHT BEFORE, DURING AND AFTER 


CHARGING SYSTEM 

TEE FOR LINE AND GAUGE CONNECTIONS 
SUCTION / 

] SUSPENSION-TYPE f/ 

I WEIGHT 1/ ■ 

—ii—SCALE _ W 


FLEXIBLE 

CHARGING 


SUCTION SERVICE VALVE 
CHARGING-LINE 


1 FREON-12 DRUM 


CpNNECTiPN 


Fig. 7.— Charging the system with refrigerant. 

the charging line to the Freon-12 drum. It is preferable to charge 
from drums containing the required amount of Freon. When this 
method cannot be used the drum should be mounted on a scale 
and its weight noted before and while charging, as in fig. 7. 


required, turn the two service valves all the way counter¬ 
clockwise. Remove the gauge connection plugs from the service 
'valves and attach a pressure gauge to the discharge service 
valve. Attach a charging line loosely to the inlet service valve. 
Install an inlet gauge on a T fitting in the charging line. Attach 
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Kio. 8. Heatinif drum to itiaintMin 
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Owes. How is accurate weight obtained? 

Ans. Use either a flexible or a long charging line. 

Continue charging until the required amount of refrigerant has been 

pumped from the drum. 

Oues. What precaution should be taken when charging 
refrigerant into the inlet side of the compressor? 

Ans. The service drum should stand upright with the drum 
valve at the top so that gas and not liquid enters the com¬ 
pressor. 

Owes. Describe the preparations for charging. 

Ans. Open the Freon-12 drum valve slightly and allow the 
refrigerant to blow the air from the charging line, then tighten 
the charging line connection to the inlet service valve. Close the 
^let service valve all the way by turning the stem clockwise. 
Turn the discharge service valve stem slightly clockwise to 
obtain a reading on the discharge gauge. 

Oues. Describe the charging procedure. 

Ans. Start the compressor and regulate the Freon-12 drum 
/alve to maintain a steady inlet gauge pressure of 30 lbs. 

Oues. What should be done when this pressure cannot any 
onger be maintained? 

Ans. Heat the drum by placing it in warm water as in flg. 8. 

Jhis may require re-adjustment of the drum valve to maintain the 

proper inlet pressure. 


Oues. What should be done when the required amount of 
Sfrigerant has entered the system? 


Ans. Close valve on drum and remove drum from the warm 
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water. Stop the compressor, open both service valves fully 
counter-clockwise and remove the charging line and gauge. 
Replace the gauge connection plugs in the service valves. 

Ques. What precaution should be taken after gauge ports 
have been closed. 

Ans. Always check for leaks. 

Adding Freon-12 to the System.—If the system be par¬ 
tially charged with Freon-12 as might happen when some of the 
refrigerant has leaked out, proceed as follows: 

1. Connect the drum as instructed in heading “Charging the System”. 

2. Add 3^ lb. of Freon-12. 

8. Operate the system normally for about 15 minutes and check the 
pressures to see if they agree with those given in the pressure chart for 
the particular model as listed in manufacturer’s bulletin. 

4. Repeat charge if necessary (adding 3^ lb. at a time) until the oper¬ 
ating pressures are normal. 

Adding Refrigerant (Carrier).—To add refrigerant to a ; 
functioning system open the inlet shut off valve all the way, 
that is, to its back seat. 

This shuts off the opening to the gauge plug, allowing removal of the : 
gauge or plug. 

Insert a yi in. pipe or yi in. flare fitting, and attach loosely to j 
the end of a charging line of copper tubing which has previously 
been attached to the weighted refrigerant drum. 

Crack open the valve on the drum for a few seconds to allow 
gas to escape and sweep air from the charging line through the 
loose flare nut at the compressor stop valve. Then tighten the 
flare nut. It is recommended that a compound gauge be installed 
in the charging line. 


J 
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With the machine running, screw in the stem of the compressor inlet 
stop valve about two turns. Then use the refrigerant drum valve to con¬ 
trol the flow of refrigerant, being careful to avoid any sudden rise of 
pressure as noted on the gauge. 

Periodically test for a showing of liquid refrigerant at the receiver test 
cock. Charge a small amount of refrigerant in addition. Close drum valve, 
back seat inlet stop valve and disconnect drum. Weigh the diiim and 
record the difference of weight as refrigerant added to the system. 

Oues. What happens as refrigerant is taken from the drum? 
Ans. The pressure in the drum will finally drop to the level 
of the machine inlet pressure. 

Ques. How can all the refrigerant be removed from the 
drum? 

Ans. Close the inlet stop valve thereby pumping down the 
crank case pressure to below atmospheric and drawing a 
vacuum on the drum. 

Always charge with the drum valve up so as to avoid drawing out any 
foreign matter which may be in the drum. 

Purging.—This is the operation of removing refrigerant from 
the system. As directed by Philco, to purge the system of 
refrigerant exhaust the Freon-12 charge slowly through the 
discharge gauge port. 

Oues. Why must this be done slowly? 

Ans. If the refrigerant be discharged too rapidly, it will cause 
excessive boiling and loss of compressor oil. 

Oues. How is this condition indicated? 

Ans. By the formation of oil foam at the outlet. 

Oues. How may the Freon-12 charge be saved? 
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Ans. Follow the procedure outlined under “evacuating the 
Entire System” with exception that the discharge gauge con¬ 
nection should be connected through a line to any emptv 
service drum. -r y} 

Oues. What precaution should be taken? 

Ans. Be sure the drum is empty and of sufficient capacity to 
hold the charge. 

Oues. How should the service drum be connected? 

Ans. It should be equipped with a T fitting and a discharge 
pressure gauge. 

Place the drum in a container of ice water to condense the vaporized 

too^Wgh."* pressure does not Lcome 


Evacuating the Entire System.—After a system has been 
oi^ned It IS necessary to evacuate the system. Proceed as 
follows: 

'‘“k™ «"<' «- 

»<* *“•''> ■ 

^ clockwise and start the unit dischanrinv 
through the open gauge connection in the discharge service valve. ^ 

If a vacuum be pumped too rapidly, the compressor will have a ten¬ 
dency to pump oil out of the compressor crank case. 

Attach a copper tube to the gauge port and bend it so that anv oil 

pumped out may be drained into a container. During this operatio/the 
compressor may knock. ^ p^ranon tne 

If knocking occur stop the compressor for about a minute and then 
b^tt^r^ process till the gauge indicates a 20 inch vacuum or 

better. At this point leaks in the system may be detected by putting suffi- 















I SUCTION PRESSURE GAUGE 

V SUCTION SERVICE VALVE 


DISCHARGE 
SERVICE VALVE 


DISCHARGE 

PRESSURE 
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When the system is entirely evacuated no more bubbles should appear 
in the oil in the container. 

[ 4. After the system is fully evacuated replace the discharge gauge 

! connection plug or attach pressure gauge as desired. 


tern'', except that the liquid line and discharge service valves 
are closed. 

Continue pumping until the compound gauge indicates a 20 
inch vacuum or better, then stop the unit. After the system is 
evacuated, replace the discharge gauge connection plug. 

Retaining Charge in the High Side of Systems Having 
a Liquid Line Shut-Off Valve—To retain the charge in the 


Evacuating the Low Side in Systems Having a Liquid 
Line Shut-Off Valve. - To evacuate the low side of the system 
follow instructions given under ‘‘Evacuating the Entire Sys- 


Fig. 9. — Inlet and pressure gauses installed. 


1 
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high side when replacing the expansion valve, liquid strainer 
evaporator or connecting tubing proceed as follows: 

2 discharge pressure gauges as shown in fig. 9 

2. Close the liquid line shut off valve clockwise. The inlet and dis^ 

3 Operate the compressor as instructed for “Evacuating the Entire 

^^4 “^‘"tains a reading slightly aLve zero. 

4. Watch the high side pressure. If the system have an overcharge of 
refrigerant the pressure may become very high. cnarge of 

6. Close the inlet service valve. This action seals the refrigerant in the 
condenser, receiver tank and compressor. Any part of the system here 
listed may now be replaced. system nere 

Removing Refrigeramt.—According to Carrier, the refriger¬ 
ant may be pumped into a service drum attached to the liquid 
line shut off valve gauge opening, where this is provided or the 
liquid line may be disconnected from the liquid stop valve and 
plugged, after pumping down the system. Connection to an 

empty refrigerant drum may be made directly to the liouid 
line valve. 

Things to remember: 

1. Seldom if ever can all the refrigerant be recovered 

2 In transferring refrigerant from one container to another the flow 
Will be from the higher pressure to the lower 

3- When all liquid has been recovered that refrigerant gas flowing 
mto the service drum will have to be condensed by standing the dTum 
m a barrel of ice water. ^ 

captcity^"'^’"’^'^ F'-eon-12 cylinders must not be filled beyond their rated 

5. Wdgh empty drum before filling and check occasionally to see that 

Standard cylinders hold 4, 10 25 

and 143 lbs. of Freon-12 respectively. * 


Sliver Brazing.—For the repair of tubing condensere, evapo- 
orators and parts made of light metal, silver brazing is the ideal 
process. It was formerly known as silver soldering, a term fre¬ 
quently used. The term silver soldering is used to avoid confus- 
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ing the use of silver brazing alloys with the soft solders. Some 
silver brazing alloys contain a certain amount of silver alloyed 
with copper and zinc. Others contain silver, copper and phos¬ 
phors. These alloys are available in forms having melting tem¬ 
peratures from 1175° to 1500° Fahr. 

Ques. What are the advantages of silver brazing. 

Ans. The use of silver brazing alloys enables the serviceman 



SURFACE CLEANED 


Fig. 10 .—Silver brazing 1. Cleaning surfaces. Flux will not spread evenly unless surfaces 
be clean. 

to obtain strong joints without danger of burning or overheating 
the base metals. 

Apart from the skill acquired through practice, the two most important 
requirements of a good silver brazing job are clean surfaces and enough 
heat to make the silver flow freely, but not so much that the silver burns 
to form a scale. 

Oues. What is the best source of heat. 

Ans. An oxygen acetylene or compressed air and illuminating 
gas torch. 

Silver Brazing Technique.—The various operations to 
be performed in silver brazing are as follows: 
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Silver brazing has very little tensile strength of its ' 
own. The total strength of the joint is derived from the union of the two ‘‘ 
surfaces as a result of the action of the alloys used. Accordingly, surfaces • - 
must fit together tightly. * 

2. Preparing Swaged Joints, The tubing should be expanded or 
swaged to a depth at least equal to its diameter for tubes up to half inch 
and not less than a half inch deep for tubes of larger diameter. 

Special swaging blocks and drifts which accurately size and hape the 
inside of the tube and the outside of the expanded section, are recom¬ 
mended for this operation where there is sufficient volume to warrant the 
investment. 


GREEN FLAMEi 



BLUE FLAME-* 

For occasional jobs, the tube can be held on a flare block and a swaging 
drift dnven into it to form the bell end. 

tnb;« Connection. Where two 

tubes of different sizes, such as Vs inch and inch are to be joined the 
smaller tube can be expanded by the previously described method until 
of thekrger’tX^^*^ smaller tube is sized to fit snugly into the inside 

• • surfaces of the tube ends to be 

thoroughly cleaned with steel wool or sand paper thev 
should be fitted together and clamped, or otherwise firmly held together 
so that no movement will occur while they are being brazed. 

Apply enough flux with a brush to cover the surfaces to be joined but 

wll run down the tubing. Make certain, however, 
that the flux is inside the joint all the way around. ' 
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5. Applying the Brazing Alloy. After the flux has been applied the 
heat should be concentrated on one side of the joint and the silver brazing 
alloy applied. The temperature of the parts to be joined should be high 
enough to melt the silver by touching it to the heated surfaces near the 
flame. 

When the silver will melt, apply it to the heated surfaces near the flame, 
but not under the flame. Move the flame around the heated surface fol¬ 
lowing it with silver until silver has been applied to the entire joint. Don't 
use too much silver and avoid it running down inside the tubing. Apply 



Fiq. 12. —Silver brazing 3. Avoid hot spots. To heat evenly, keep the torch in motion, 
Both parts should be brought to brazing heat at the same time. 


only enough heat to cause the silver brazing alloy to flow freely in order 
to avoid the formation of scale, or the burning of the surfaces. 

Most of the heat should be applied to the heavier parts of the joint 
where it will be conducted through the metal to the location where the 
silver alloy is to be applied. 


j 
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APPLY HEAT 


Concentrate heat on one side of the joint and foUow around the 
tubing. Apply brazing alloy. Use care that no brazing alloy runs down inside the tube. 
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Flames should never be applied directly to the point where brazing is 
being done. For thorough inspection of the joint all flux must be carefully 
removed. Pin holes may exist under the film of melted brazing flux, and 
are not readily noticed until the flux has been removed. 

Cleaning the joint can be done either by washing it with water while 
the joint is still hot, or by thoroughly brushing:and scraping it with a wire 
brush, or emery cloth after the joint has cooled. 



Ik 


APPLY BRAZING ALLOY 

Pig. 15 .—Silver brazing 6. The temperature of the parts to be joined should be high 
enough to melt the brazing alloy by touching it to the heated surface near the flame, but 
not imder the flame. 


6. Precaution. Where silver brazing is being done near an enamelled 
or painted surface, or such materials as wood, insulating material and 
other combustible surfaces, the surface should be protected with sheet 
asbestos during the brazing operation. 

Valves, controls or other apparatus to which a tube is being joined by 
silver brazing must be protected from damage by heat. Either remove 
the internal parts of the valve or protect the entire assembly with a 
wet cloth. 
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PHILCO TROUBLE ANALYSIS CHART 


SYMPTOM 

1 CAIISF 



High dischcarge pres¬ 
sure. 

High outside air temperature. 

REMEDY 

Check outside air temperature. Note 
any increased temperature caused by 
sunlight radiation from surrounding 
metal roofs, or other factors. 



Insufficient condensing air. 

Check for obstruction in condenser-air 
circuit inside and outside of unit 

1 

i 


Dirty condenser. 

Clean condenser, removing dirt paper 
flow^^ material restricting air 



Air in system. 

Purge and recharge. 

] 


Overcharge of Freon. 

Purge and recharge If necessory. 



Condenser fan wheel loose on 
shaft 

Tighten fan-wheel setscrew. 



Condenser fan wheel not cen¬ 
tered in fan scroll. 

motor mounting at base to center 


High wattage. 

Low voltage at service entrance. 

Check line voltage; starting voltoge 
must not drop more than of rcSd 

line voltage. Consult the power com¬ 
pany. 



Voltage low at motor but correct 
at service entrance. 

Inadequate distribution lines; coorah 
on electrician. 



High discharge pressure. 

Sewure^^*”* under High Discharge 


Motor runs below rat¬ 
ed epeed. or motor 
hums ond does not 

Motor capacitor defective. 

Replace motor capacitor. 


start 




Motor hums and does 
not start 

Compressor binding. 

Replace compressor. 

f 

Low suction pressure. 

Low Freon charge. 

Check for leaks; repair and recharge. 



Clogged liquid-line strainer. 

Cleon or replace strainer. 



Defective expansion valve. 

Replace expansion valve. Rejplace 
strainer. ^ 

i; 


Evaporator fan not running. 

Check motor and wiring. 


Low discharge pres¬ 
sure. 

Low Freon charge. 

Recharge. 

..j; 


Defective compressor valves. 

Replace compressor. I 
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Oues. If a joint has previously been soldered with soft 
solder, what should be done and why. 

Ans. All traces of the soft solder must be removed, be¬ 
cause the tin in soft solder amalgamates with copper at the 
temperatures necessary for a silver brazing operation. 

Test for Sufficient Gas.—Liquid receivers are fitted with a 
liquid level test cock, and tests for sufficient refrigerant should 
be made at this point to determine this fact properly. With the 
unit running under the normal load for which it was figured, 
open the liquid level test cock. 

If only vapor issue from the outlet, the system is insuffi¬ 
ciently charged. A hot liquid line is also an indication of insuffi¬ 
cient charge. The liquid line should be slightly warmer than out¬ 
let water or ambient air temperature. 

Owes. What should be the temperature of liquid line. 

Ans. The liquid line should be slightly warmer than outlet 
water or ambient air temperature. 

According to Carrier, testing by this method requires experience and 
is not recommended orer the more positive test cock method. 

Often a system will be fitted with a sight glass in the liquid line. This 
practice is very helpful in determining the state of the refrigerant charge. 
A clear liquid, without bubbles, at the sight glass indicates sufficient 
refrigerant. 

A cloudy appearance with liquid showing clear at intervals indicates a 
slight shortage. Many bubbles or no visible liquid indicates an extreme 
shortage. 

Test for Excess Oil in Circulation.—This test is made at 
:he liquid level test cock. With a clean piece of white paper held 
:»gainst the opening of the pet cock, turn the valve stem and 
allow a small quantity of refrigerant to spray on the paper. 

^ 
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Ones. What is the indication if there be a proper amount of i 
oil in circulation? | 

I 

Ans. When the proper amount of oil is in circulation the oily j 
residue left on evaporation of the refrigerant should not be more j 
than to produce a stain of greater intensity then to make the j 
paper appear water marked. The conditions listed in the chart | 
should also be investigated when testing. i 

Service Difficulties.—Faulty operation of any refrigeration I 
or air conditioning system is indicated by very definite symp¬ 
toms. These symptoms may be caused by one or more incorrect 
conditions which must be eliminated in a step by step process of 
corrective measured. To assist the serviceman in correcting 
faulty operation quickly and efficiently, the accompanying 
trouble charts prepared by Carrier Corp. giving symptoms, 
causes and remedies are here given as a guide. 


Compressors. 

When a compressor is suspected of being defective, a complete 
analysis should be made of the system before the compressor is 
replaced. In some cases, the symptoms encountered in servicing 
an air conditioner may lead the serviceman to suspect the com¬ 
pressor, when actually the trouble is in another section of the 
system. 


Noise and Knocking.—Often attributed to a faulty com¬ 
pressor when the trouble may be a loose compressor fly wheel, 
incorrect belt alignment, air in the system or a large quantity 
of oil being pumped through the compressor because of liquid 
refrigerant in the crank case. 







tmOljBLfc DIAGMOSIS <JMAKT—Kel«ting Chiefly to Compressors. 
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TROUBEE DIAGNOSIS CHART —Concluded 
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Oues. What should be noted about adjustment of belt ten- 
sion. 

Ans. They invariably adjust belts too tight. 


Adding Oil to Compressor.—The most direct way of add¬ 
ing oil to a compressor is to pump down by slowly closing the 
inlet stop valve, until the crank case pressure will remain at 
2 lbs. Unscrew the oil filler plug found near the top of the crank 
case and pour in oil from a sealed container. 


According to Carrier, while there may be several oils suitable for com¬ 
pressors, two of the most easily obtainable are Socony-Vacuum DTE 
heay medium dehydrated; and Gulf-Pride Winter, Gulf Refining Co 
Any oils reconmended and used by leading refrigeration machine 
man^acturers for Freon-12 systems may be used with safety 

good lubricatiom® 


; Removing Oil from Compressor.—To remove oil from the 
crank case of a compressor, reduce the pressure in the crank case 
to two pounds by gradually closing the inlet shut-off valve 
Stop the compressor. Open the oil test plug or loosen (do not 
take out) the drain plug in the compressor body and allow the 
required amount of oil to drain out. 


Oues. What precaution should be taken. 

Ans. Since the crank case is under slight pressure, do not 
fully remove the drain plug from the compressor, but allow the 
oil to seep out around the threads of the loosened plug. Re¬ 
tighten the drain plug, open the inlet shut-off valve and restart 
the compressor. 


Testing Discharge Valve.—Install head pressure and inlet 
gauges. Pump down the crank case by gradually closing the 
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inlet shut-off valve until a crank case pressure of two pounds 
has been reached. Stop the compressor. Close the discharge 
shut-off valves. On air cooled compressors remove the plug from 
the gauge tap of the discharge shut-off valve and relieve the 
pressure in the head of the compressor. On water cooled models, 
loosen the tubing connection to the high pressure bellows of the 
pressurestat switch slightly and allow the gas in the head of the 
compressor to seep out. 

On Carrier Models 7H5 and 7H6 remove this line from the head of 
the compressor. Remove the compressor head bolts, lift off the head and 
remove the discharge valve. Replace the valve and compressor head, 
using new gaskets. 

Slightly open the inlet shut-off valves to purge the head of the com¬ 
pressor. Replace the gauge tap plug, re-tighten or re-attach the line from 
the high pressure bellows, according to the model of the compressor being 
serviced. Open the discharge shut off valve. Open the inlet shut off valve < 
and start the compressor. i 

Testing Shaft Seals for Leaks. — Replacement shaft seals 
sometimes show indications of leaking immediately after in¬ 
stallation. There are several causes that would indicate a leak 
even though the seal holds perfectly. 

At the time the seal cover plate and the old seal assembly are^ 
removed oil containing refrigerant may have leaked out around 
the housing or on the shaft. This will be sufficient to give a 
strong indication of leaks. 

During operation, the seal assembly is covered with oil which lubri¬ 
cates the bearing surface of the seal and also prevents leakage of refrigerant. 

If the seal be assembled dry, that is, without first dipping the nose in; 
oil, it is possible that a slight leakage may occur until the compressor 
has made a few revolutions and has filled the seal housing with oil. Al¬ 
ways dip the seal nose in clean refrigerator oil before assembling the 
parts in the compressor. 

Repairing a Seal Leak. — Before attempting to replace a 
seal, study the exploded views of the compressor in question. 










-SHAFT-SEAL-RING PACKING 



In repairing a seal leak, proceed as follows: Reduce the crank case pressure to two 
pounds by gradually closing the inlet shut-off valve. 

Stop the compressor and close both stop valves. Remove the flywheel and seal cover plate. 
Remove the seal parts. Wipe out the seal recess with a clean lint fee cloth. 
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Next, insert the neoprene gasket in the recess in the seal 
shoulder, and, holding the shoulder face down, dip in a clean 
volatile oil solvent. 

Allow the solvent to dry off and then dip the shoulder in clean com- 
pressor oil. 

Next, follow the same procedure with the nose or bearing 
surface of the seal bellows assembly, having first seated the ! 
back of the seal assembly into the recess in the cover plate. 
Do not touch the seal nose. 

Place the lead gasket over the seal and slide the whole over the shaft ■ 
and against the shoulder previousy installed. Insert all cover plate bolts 
and pull the cover up evenly to seat against the lead gasket. 

Cleaning Inlet Strainer.—Inlet line strainers are attached 
to Carrier compressors of % horse power and larger. To clean 
these, reduce the crank case pressure to two pounds by gradually < 
closing the inlet shut-off valve. 

Stop the compressor. Close the discharge shut-off valve. ‘ 
Remove the strainer end plate by removing the bolts holding it i 
to the strainer body. Remove the strainer and clean the screen, ’ 
using a small brush and carbon tetrachloride, or a similar solvent i 
Dry the strainer screen thoroughly and replace it in the j 
strainer body. Purge the strainer cavity by opening the inlet i 
shut-off valve slightly and replace the strainer and plate. 

Open the discharge and inlet shut-off valves and start the 
compressor. 

1 

i 

Connecting Rod Knock. — ^All current Carrier compressors i 
which have crank shafts and connecting rods except the 7 i 
model are equipped with replaceable snap-in type connecting i 
rod bearings, and in order to correct a rod knock only the bear- 
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ings need replacement. Remove the bearing cap and insert new 
liners. Filing bearing caps should not be resorted to. 

Cleaning Purolator Oil Filter.—The following instruc¬ 
tions are given by Carrier; 

1. Pump down the compressor to a crank case pressure of 
about two pounds. 



2. Remove the plug at the base of the oil filter, making pro¬ 
vision to catch the oil and sediment that will drain out. 

Remove the plug slowly to allow time for the internal pressure to be 
relieved. 

3. Unscrew the retaining nut on the top of the Purolator case 
and lift the case away from the rest of the assembly. 
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The filter can then be reassembled. It will be necessary to add about 
two quarts of oil to the system each time the filter is disassembled, as this 
amount of oil will be drained out when the assembly is opened up. 


Expansion Valve. 

The thermostatic expansion valve is designed to automati¬ 
cally control the flow of liquid refrigerant entering the evaporator 



^^'prereor conditioner unit showing expansion valve, evaporator, condenser, com 


coil. The valve mechanism must operate freely and without 
restriction in order to allow the proper amount of refrigerant to 
enter the evaporator. 


Oues. Give causes of faulty operation. 
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Ans. Faulty operation of the expansion valve may be due 
to mechanically frozen internal parts clogging strainer or valve 
orifice, or failure of the regulating feeler bulb which operates 
the needle valve. 

Failure of any part of the expansion valve will affect the refrigerating 
capacity of the unit. 

Ques. If the expansion valve be frozen partly open, what 
happens? 

Ans. The capacity of the unit will be affected because the 
flow of the refrigerant is restricted. 

Oues. If the expansion valve be frozen in fully open position, 
what happens? 

Ans. The liquid refrigerant may flow through the entire 
system causing very cold inlet line, high inlet pressure, pounding 
of the compressor and a cold compressor head. 

Oues. What effect has the location of the feeler bulb on the 
action of the expansion valve? 

Ans. It is necessary that the pressure in the feeler bulb be 
somehwat higher than the pressure in the evaporator, which 
means that the inlet line where the bulb is clamped must be 
at a higher temperature than within the evaporator. 

Accordingly, the vapor in the inlet line at this point must be in a some¬ 
what super-heated state. This super-heat should be at the minimum which 
will allow the valve to regulate. 

For the higher temperature work such as comfort cooling work, the 
amount of super-heating will vary between 5® and 10°. 

For the lower temperature work such as product cooling work, the 
superheating will vary between 4° and 6° or in some cases even lower, 

Excessive super-heat indicates lack of sufficient refrigerant flow 
through expansion valve, reducing the capacity of the evaporator. 










Fig. 22.—Thermostatic expansion valve, strainer and liquid line valve. 

Ans. When properly adjusted a slight surge in temperature 
with a regular cycling aspect will be noted. 

The rise in temperature is slower than the drop in temperature. Actua^ 
slop over of liquid is evidenced by a sharp and very quick drop in temper¬ 
ature; also by the usual evidence of sweating of the compressor crank 
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Oues. How do you adjust an expansion valve? 

Ans. Grasp the inlet line at least 18 ins. beyond the location 
of the feeler bulb; gradually adjust the valve with the other 
hand. 


Oues. What is the indication of proper adjustment? 




















946 


Service 


case and oil slugging at the start of the running period. This must not 
be allowed. 

The sensitivity and response of the thermal expansion valve is largely 
dependent upon the proper installation of the feeler bulb. 

The feeler bulb should always be firmly clamped to the inlet line. A 
telephone or radio ground clamp makes an excellent means for attaching 
the bulb to the inlet line and assures a thorough contact. 

On Carrier Weathermakers, a clamp is furnished with the inlet con^ 
nection. The thermal expansion valve when properly installed and ad' 



LINE 

Fig. 23—Sectional view of Philco compressor service valve (sealinj? bonnet not shown). 


justed will maintain all the evaporator surface effective and in contact 
with boiling refrigerant regardless of the change in load on the evaporator, 
provided of course that the expansion valve has sufficient capacity for 
peak loads. 

Under normal conditions, the feeler bulb will cause the expansion 
valve to close during the shut-down period. There are, however, certain 
conditions that will affect this and may permit overflooding of the 
evaporator. For this reason, inlet lines shouM be trapped. 
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If the evaporator in an air conditioning system be connected to outside 
wr or where it may receive air at a temperature lower than that surround- 
^the feeler bu b, the difference in temperature between the evaporator 
and the bulb will cause the valve to open and overflood the low side Un¬ 
to such conditions, it is essential that the liquid line be equipped with a 
wle^id valve to positively shut off the refrigerant during the shut down 



PtUG CAP, 


CONNECTION TO 

expansion valve 


PUSI8LE PLUG 


ISOLATION 
pr INSULATION 

receiver TANK 


v^ve,^rv2s as expansion 

P‘“« that mclte 

general this receiver is required with^air «)5e^ult» J?®** approx.) In 

tional storage capacity for the sunnlv nf ^ ^ ^ condensers to provide addi- 

Water cooUd syEJ usLg a SeiSlr 

metal drum containing the refrigerant however do^nnf cwled coil enclosed in a 

no receiver tank is used. nowever, do not require extra storage space, hence 


Condensers. 

Air cooled condensers like evaporators should be kept free 
rom irect lint and other foreign material because any ma- 
tenal around the tubes and fins reduces the air flow. 
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Oues. Name causes of reduced heat radiation and increased 
pressure of the refrigerant in the high side of the system. 

Ans. Dirt in the condenser or air scroll slot opening, dirt 
encrusted fan blades or a slipping fan belt. 

Oiies. How may dirt be removed. 


Ans. It may be brushed or blown out. 

If Condenser Develop a Leak.—In this case or if condenser 
must be removed for some other cause, purge the entire system 
(as explained on page 920). Replace condenser and tighten all 
connectors or make up brazed connectors as required. Evacuate 
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Oues. What may be said of water cooled condensers. 
Ans. They require a minimum of service. 


Fig. 26.— Carrier type 7L1 air cooled condensing unit. 


Draining Water Cooied Sheil and Coii Condensers.- 

unit is sh^rf^^^'r Yu ^ condensing 

freezing f"^ possibility of damage due to 

is subiected ^ necessary when the condenser 

subjected to freezing temperatures. Some positive method 

for removing the water should be used in order that no waS^ 
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be allowed to remain in the condenser. For this reason the 
following method is offered: 

Blowing Water from Condensers. — In clearing the con¬ 
denser of water, it is necessary to remove the water regulating 
valve and provide a free outlet for the blowing air. 



Fig. 27.—Carrier type 7G8 evaporative cooled condensing unit. 


The water can be removed from a condenser by: 1. Compressed air 
from a compressor; 2, compressed air from a portable drum; 3, high pres¬ 
sure blower. 

Ques. What precautions should be taken. 

Ans. 1. Protect the blower from having water flow into it; 
2, protect the root blower against overload by use of a pressure 
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relief chock valve; 3, do not rely on a time schedule but keep 
blowing until the water stops coming out of the condenser. 

It is also important that all of the water be removed from the water 
regulating valve. If water be allowed to remain in the valve and freeze 
damage will result. 


Reinoval of Water Scale on Tubes. In localities where 
hard water is prevalent, the removal of scale deposited on the 
tubes of evaporative condensers presents a difficult problem. 
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P'P‘nK arrangement to insure passage of sufficient air in blowing water 
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The following methods of removing scale have been tried with 
varying degrees of success: 


1. Operate the condenser without any spray water in an 
effort to heat and crack the scale so that when the water is again 
turned on, the scale will be removed by the spray and will fall 
into the drip pan. 


This method has been successful in cases where the scale is hard and 
can be cracked. If scale be soft, Method No. 2 shoud be followed. 


2. Spray the tubes with a 
sure of about 75 pounds. 


3^ in. stream of water under a pres- 


3. The use of inhibited acid for cleaning the tubes is the least 
desirable method. 


Inhibited acid (hydrochloric acid with phosphene GN inhibitor) is 
poured into the drip pan where it mixes with the spray water and is 
sprayed over the tubes. ta 

The acid will remove the scale but it also attacks and removes the gal¬ 
vanizing form the unit, and failure due to corrosion results. 

• possible to remove the coils from the unit and to dip them in the 
inhibited acid. This is a lengthy job and has the further disadvantage of 

making it necessary to pump down the system and open it to the at¬ 
mosphere. V c 


4. The most satisfactory method of keeping the tube surface 
cl^n is to remove the scale forming substances by a water soft¬ 
ening treatment before the water is used in the condenser. 


Protection of Water Coils from Winter Freezing. _ 

Where water cooling coils are installed, proper precautions must 
be taken to prevent these coils freezing during the winter 
shut-down. 

To prevent freezing, all water coils and connecting piping 
should be drained. 

If possible, the water lines should be disconnected from the coil to 
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prevent accidental refilling. At the same time coils should be carefully ; 
tested for level. 

To check the level of coils, proceed on the following basis: 

Secure a piece of in. O.D. rubber tubing 16 feet long and 2 pieces 
of glass tube 6 inches long that will fit in the ends of the rubber tubing. 

Fit a glass tube in each end of the rubber tubing, fill the entire tube with 
water so that the water will stand about half way up the glass tube in 
each end. 

The best way to insure the tube being completely filled with water 
will be to fill it under pressure with the free end elevated above the end 
that is being filled. 

When the tube has been properly filled with water, have one man hold 
one of the glass tubes so that the water level is exactly at the top of one 
tube of the coil at one end of the coil; then hold the other glass up to the 
same tube at the other end of the coil. I 

If the level of the water in the glass tube be more than in. out of j 
level with the top of the tube at either end of the coil, adjustments should 1 
be made to bring the coil to a level within the in. allowance. 

Ques. What precaution should be taken? 

Ans. The tubing must be completely filled with water. 

Oues. Why? | 

Ans. Any air in the tube will give an erroneous reading. .1 

The ends of the tube, obviously must be handled at approximately the I 
same level to prevent spilling of water. The position of the rubber tubing f 
will not affect the readings so long as there are no kinks and no point of | 
the tube is above the level of the water in the glass tubes. 

i 

i 

Ques. What other precaution should be taken? | 

Ans. Carefully inspect the arrangement of return bends and | 
headers. | 

Coils will not drain if installed in an inverted position, as the staggered S 
arrangement of the tubes leaves some of them below the header openings, | 
and these tubes will remain full of water. I 
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Pig. 31. — Air conditioner refrigerating system air coated. 
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TROUBLE DIOGNOSIS CHART 


Symptom 

OR 

Difficulty 


Condition 

MAY BE 
DUE TO 


Explanation 


A. Insufficient 
capacity. 


B. Excessive 
vibration. 


C. Fan motor 
overheats 
and cuts 
out on 
thermal 
overload. 


D. Fan motor 
won’t start. 


E. Compressor 
short cycles 
on high 
pressure 
cut-out. 


P. Water 
leaks from 
unit. 


G. Belts 
wear out 
quickly. 


H. Fan 
bearings 
noisy. 


1-2-3-4-5-6-7-8 


9-10-1 


9-H-1.5-l() 


9-14-15-17-18- 

19 


See A—also 
20 - 21 - 22-23 


24-25 


9-11-26 


12-27 


1 Too little refrigerant. 

2. Condenser too small. 

3 Fans running backward 

4 Spray nozzles not 
operating completely. 

5. VVater pump not running 

C. Eliminators dirty. 

7. Intake screen clogged 
with refuse. 

8. Too much resistance in 
duct work attached 

to condenser. 

9. Belts too tight. 

10. Motor base bolts loose. 

11. Pulleys loose or out 
of line. 

12. Fan bearings loose 
on shaft. 

13. Shaft sprung—replace. 

14 Single phasing—one 

phase fuse blown. 

15. Low voltage. 

16. Power supply line too 
small. 

17. Open wiring. 

18. Improper electric 
connections. 

19. Blown fuse. 

20. Trouble with compressor 
motor or compressor. 

21. Airornon-conden.sable 
gases in system. 

22. Excessive quantity 
of refrigerant. 

23. Intake air damper 
closed (ifused). 

24. Overflow^ine plugged. 

25. Joints between sections 
not sealed. 

26. Belts too loose—slip 
on starting. 

27. Dirt in ball bearings. 
Remove, clean and 
replace with fresh, 
clean grease. 
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Evaporators. 

It is necessary that an evaporator be kept clean and free of 
dirt and duct collections, so that the air path through the tubes 
and fins is unrestricted. If the evaporator be damaged or leak¬ 
ing to such an extent that it cannot be successfully repaired, it 
should be replaced by a new assembly. If repairs or replacement 
be necessary, the complete coil assembly must be removed from 
the system. 


Fig. 33, — Carrier direct acting water regulating valve. 
Fia. 34.—Carrier pilot operated water regulating valve. 
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Oues» How is this done? 

Ans. Disconnect the refrigerant lines, remove the evaporator 
retaining bolts (if any) and remove the evaporator. 

Ques. How is a new evaporator installed? 

Ans. Secure it in place and connect the refrigerant lines. 
After all connections are made, evacuate the entire system, 
recharge with refrigerant and test for leaks. 

Water Regulating Valves. — In water cooled systems most 
water regulating valves may be classed as: 

1. Direct acting, or 

2. Pilot operated. 

A study of figs. 33 and 34 will show that in the case of the 
direct acting valve, fig. 33, deflection of the bellows due to in¬ 
crease in refrigerant pressure overcomes the force of the springs 
and pushes the disc away from the seat allowing watCT to flow. 

When the machine shuts down the refrigerant pressure becomes less 
than the spring pressure and the water valve closes off. 

: In the pilot operating valve, fig. 34, the main plunger to 

; which the disc is attached is actuated by water pressure through 
I varying the differential pressure across the hollow plunger by 
I means of the opening and closing of the pilot port. 

' It must be remembered that the amount of water that will flow 

though any given size and type of orifice is dependent upon the pressure 
differential across the orifice. 

Water regulator valves are rated at a certain quantity flow 

^ _ 

$ NOTE, replacing evaporator coils, condenser coils, receiver tank assembles 

.V or c«^n refrigerant connecting lines, it is possible that tubing connections may be 
5 t^elher by silver brazing or with flare nut fittings. If the connections be brazed, 

follow the technique given on page 922. 

j 

I 

1 
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under a given pressure differential and amount of opening of the 
valve. 

The amount of opening of the valve is controlled by refrigerant pres- 
sine, but if the pressure differential be insufficient, no amount of opening 
will provide the necessary water for the condenser. Oversight of these 
facte has resulted in the condemnation of many valves although they may 
be in perfect operating condition. 



operated water regulating valve. It operates to control the flow 
refrigerant pressure causes more water to flow through the con- 
asato ^S^^’^e^r so Pressure near a pre-determlned value 

^ j V. *'®®ts against the end of a bellows which is 

connected by a tube to the high pressure side of the system. oeiiows wnicn is 



















Service 


961 

































TROUBLE D^GNOSIS CHART—Weathermak«rs —Continued 
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Adjusting Water Regulating Valves. — ^Water regulating 
valves automatically control the amount of water flowing 
through the condenser, thus maintaining constant condensing 
temperatures. They must, however, be properly adjusted so 
that required condensing temperatures are maintained and 
water is shut off when compressor does not operate. 

Compressor Pulsations.—In present day high speed com¬ 
pressors it is very unlikely that compressor pulsations will have 
much effect on water regulating valves even in starting a chat¬ 
ter. Also, most water regulating valves are provided with a small 
orifice or snubber leading to the pressure chamber in order to 
limit the extent of pulsations. If compressor pulsation be a cause 
of chatter, it can be easily corrected by installing a smaller pres¬ 
sure line to the valve or by throttling off the valve from which 
the connection is made. Be sure that you do not back seat this 
valve entirely and thereby remove control from the water 
I'egulating valve. 


























.'IK 




















□ MDELS WELDERS tllSE.$1 

IUhiSeS^FORWX OPERATION AND MAINTENANCE OF AU WELDING 

Wer 400 pag^, ^lly illustrated, 5 6v4 x 2, flexible covers. 

Owere ElMtric, Oxy-acetyiene, Thermit, Unionmelt Weldini;; ror sneet metal, spot and pipe weMs, preeaurc 
r^efs aiM aluminum, copper, brass, bronze and other metals, airplane work, surface hardening and hant 
facUng, cutting, brazing—eye protection. EVERY WELDER SHOULD OWN THIS GUIDE. 

□ AODELS ANSWERS ON BLUE PRINT READING $2 

and assembly prints—the different kinds of «vorkini 
pictorial, dmrtptive—development by parallel and radial lines, conventional Unas” 
TOngutatton. Warped and other surfaces—specifications—how to sketch—how to make working drawlnge- 
nmMomake blue prints—short cut»—helps-^ints and suggestions. 

iJjlL I K® to-day is the machine of to-morrow.” The man who can read blue prints Is In line for • 

secret language, step by step in easy stages. 

NO OTHER TRADE BOOK LIKE IT—NEW, COMPLETE. 

□ ADDELS on BDRNER GUIDE.$1 

treatise explaining in detail both domestic & industrial oil burners, including electricitf 
nook ups and wiring diagrams. 

375 pages, 320 illustrations & diagrams. Flexible binding, pocket size. 

^jy covwing the Theonr, Construction. Installation. Operation. Testing. Servicing & Repair of all oil burner 
equipment. Fully indexed Tor ready reference. 

n Andels REFRIGERATION & Air Conditioning Guide $4 

! o ®,®^ essential important facts for Engineers, Servicemen and Users. 

q^Good Book Is a Good Friend! Here you have at your fingers’ ends a Complete Library in ONE VOLUME 
Je necesMiy data you h^e been booking for on: MODERN UNITS, SYSTEMS & MACHINES. REFRIGEH 
forn oi ‘^2?'!^®?"’ '-ockers, Water Coolers & Air Conditioning Systems. 

»?ai Pages 46 Chapters all Pully lllustratsd A indexed for Ready Reference with Answers to Your Ouestiirw 


















□ AUDELS POWER PLANT ENCINEERS GUIDE. .$4 

FRO^JTcoVER library in one book with questions & ANSWERS NEW 

MtJLuirfcationfCompressors; Hoists; Gas and Diesel Engines; Lubricants 
>5 Instructive, Interesting Illustrated Chapters —ALL FULLY INDEXED FOR READY REFERENCE. 

□ AUDELS SHEET METAL WORKERS 

HANDY BOOK. $1 

metal work, principles of pattern cutting, sheet metal work Iwout develoSLn7^f 'Ll*i'^'’3-i- 
ducts, sneet metal machines, welding sheet metal, boiler PlVe^Xk, praitiral dVawino how^ 

sr#.Es3ia.rsSj:s£«’:s '“""..ie..’ &.•;?,»? ,s.g 

□ AUDELS SNEET METAL PAHERN UTOUTS.SA 

iO Sections, 1100 pages, 350 layp"ts, 1600 illustrations. 

A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OFSHEFT MFTAI wnpir 
INCLUDING PATTERN CUTTING, PATTERN DEVELOPMENT AND SHOP PROCEDURE 
10 Bib Sections. Covering: Heating & Air Conditioning Duct Patt?rns-Sp?cial Sheef^^^^^ Layouts^ 
Uyouts for various sheet metal shapes—Conductors, Leaders and Leader Head Lavoi'ts—G uSST^ 
Roof Outlet Layouts-Cheet Metal Roofing Patterns—Skylights and Louvers Pattern L^u^^^^ 
£*athematks°“‘*“®‘'''‘ Problems, Mensuration and Shert'lSllS 

□ AUDELS MATHEMATICS & CALCULATIONS 

FOR MECHANICS.... $9 

MATHEMATICS FOR HOME STUDY OR.REFERENCE. 700 pages, 550 Illustrations, ppcket*slze 
IJis work has been arranged as a progressive study, starting with the first principles of arithmetic anif 
through the various phases of mathematics, including the^many necessary^rulM 

SculaUonf °a"nd’ £ble^fu?ly"'fnd«!."^^Vui^^^^^^ mathematical 

beginning. How to figure correctly. New, easy, correct methods coverino 
.Vrtol'pfFvarithmetic. Illustrated with examples. hcludVs mSration^lSSe iSd 

□ AUDEU HEW MACHINISTS & TOOL MAKERS 

HANDY BOOK.$4 

S”0P PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 

drill S?e7ses and tSols "" * **’*»'^ 

Je®a77n’d“’nde“rsfand.“‘”“'‘’ ® * * *’ ® *“‘'""** ^ •* 

mechanic^’draft*’°°S ••"Y machinist, tool maker, engineer, machine operator, 

S:‘sHCIP®C&'loi THAT aSsW«S YO-UR^OUmiolir*' “* 








□ AUDELS AUTO MECHANICS CUIDE.$4 

PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN, TRAINEES & OWNERS 

automat.c choke---superchargers—transmissions—clutches—universals, propeller shafts_ 

differentials—rear axles—running gear—brakes—wheel alignment—knee action—steering gear_tires_ 

ignition—spark plugs—ignition coils—distributorL-automatic 
Vtw systems-stora,e batteries-Di.sel an- 

A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS. 

□ AUDELS TRUCK & TRACTOR GUIDE - - - - $4 

chapteKnIIxedL^ooIVact^^^^^^ endI"''"'''''- illustrated 

□ AUDELS DIESEL ENGINE MANUAL ----- $2 

pistons and piston rings—cylinders—lubrication—cooling systems—fuel oil_Anninp 

O" 

THIS BOOK IS OF EXTREME VALUE TO ENGINEERS, OPERATORS, STUDENTS. 

□ AUDELS MECHANICAL DICTIONARY - - - - $4 

A WORD book for MECHANICS, COVERING THE MECHANIC ARTS TRADES AND SCIENCE^ 

:S •—£=■ 

sfe.- »*« 

illustrated. Practical information coverino: 

Coo"er“*' D^re^Types-Inter and After 

SuoercharoersLpS,°tTc''SL7 “ 

SWERS FOR EXAMINATIONS. ^““LNTS, WITH CALCULATIONS AND QUESTIONS AND AN- 
1246 Pages 23 Chapters, logically arranged—fully illustrated and Indexed for Ready Reference. 

□ AUDELS HOUSE HEATING GUIDE.S4 

BuHdinTsupWhitoSts^nd Mfc'LS^^ Engineers, Plumbers, Maintenance Men, Contractors, 
Air Conditioning. 1000* Pages—910 Iluslr5t?n‘'i,r^“<;7rh in.fo.™ation on Heating, Ventilating, 

Modern House Heating Ventilation and” Chapters explaining the working principles of ail 

up-to-date book of r;f2renc\"‘j!,t°a"ns^'rs'*t;im “■* 













a GUETHS MECHANtCAL DRAWING. . S| 

»isru,„‘ 1„‘ ■. ' 

□ ROGERS DRAWING AND DESIGN.. S2 

MECHANICAL DRAWING SELF TAUGHT. .. 

506 pages, 600 Illustrations (m^y full page drawings), flat-opening 

□ AUDELS MILLWRIGHTS & MECHANICS GUIDE S4 

□ AUDELS CARPENTERS & BUILDERS GUIDES 

TeKVeRs!‘-Bu"PlWm™ CAWEH 

Vfti* I Builders mathematics, drawing plans, specifications, estimates—4S5 pages_400 iMustratlimi 

Vo . »—House and root framjno, laying out, foundations—255 pages-W illustra^s 

□ AUDELS PLUMBERS & STEAMFITTERS GUIDES 

p^a'li"s^}\ttn'S;tre.!l?ce'''“^ 'HS^s,*'i?ap^hP®a?d"^r.tes the 

Z. J=sret'!i‘eSI' wr^'filfftinr hr^’nr^Jotrr’"-’*' 

,5. EACH VOL POCKET SIZE 

n AUDELS MASONS & BUILDERS GUIDES 

layerSne'-'-SSe^ brick 

Explainino in clear language and by well-done illustrations, diagrams, charts graphs and nicturM 
?i;inu?'|obs*''''"^*^’ practice^including' hoT to ^ aSd 

X°! bricklaying, bonding, designs—266 pages. 

a /1 foundations, arches, tile setting, estimating—245 pages 

S® !—placing forms, reinforced stucco—259 pages. 

1; w masonry, steel construction, blue prints—345 pages 










□ AUDELS ENGINEERS LIBRARY.3 Vols. $> 

For all Stationary, Steam, Diesel and Hoisting Engineers, Firemen, Water Tenders, Oilers. 
Boiler Operators, Repair Men and Applicants for Engineer’s and Firemen’s License Examinations. 

VOL. 1. 

Over 1550 pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts. 1001 FACTS &. 
FIGURES AT YOUR FINGER ENDS. SPECIAL FEATURES INCLUDE: Boilers, all types; Boiler 
and Engine room Physics; Fireman’s Guide; Boiler Examination Questions; Boiler Operation; Pulverized 
Coal Systems; Feed Water Heaters; Economizers; Feed Water Treatment and Deaeration; Injectors; 
Safety Valve Calculations; Mechanical Stokers; Oil Burners; Condensers; Air Pumps and Air Ejectors; 
Evaporators: Steam and Hot Water Heating; Pipe Fitting. Steam Engines; Valve gears; Turbines; 
Compressors; Hoists; Gas and Diesel Engines; Lubricants and Lubrication. 65 Instructive, Interesting 
Illustrated Chapters—ALL FULLY INDEXED FOR READY REFERENCE. 


VOL. 2. 

A quick, simplified, ready reference book, giving complete instruction and practical Information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—^armature 
winding and repair—wiring diagrams—house lighting—power wiring—cable splicing—meters—batteries 
—transformers—elevators—electric cranes—railways—bells—sign flashers—telephone—ignition—radio 
principles—refrigeration—air conditioning—oil burners—air compressors—welding, and many modern 
applications explained so you can understand. 1472 Pages, 2600 Illustrations. 

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY. 

VOL. 3. 

An aid for Stationary, Steam. Diesel & Hoisting Engineers’ Examinations for all grades of Licenses. A 
concise review explaining in detail the Principles, Facts &. Figures of Practical Engineering. Over 500 
Pages and 435 Illustrations of Questions & Answers, fully indexed for ready reference. Pocket size. 


□ AliDELS SNIPFITTERS HANDY BOOK. 


$1 


288 PAGES OF INFORMATION, INSTRUCTION, PICTURES AND REFERENCE CHARTS, TOGETHER 
WITH MANY SHORT CUTS AND TROUDLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROU* 
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK UKE IT. 

□ AUDELS AIRCRAFT WORKER.$1 

A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOUT MEN, DRAFTSMEN, DE- 
SIGNERS, APPRENTICES AND STUDENTS. 240 pages—^fully illustrated and indexed. Flexible binding., 
Answers your daily questions with clear, concise practical ..information, pointers, facts and figures. 

□ PAINTING & DECORATING MANUAL.$2 

FOR PAINTERS, JOURNEYMEN, CONTRACTORS, APPRENTICES & ALL PAINT USERS 

INSIDE TRADE INFORMATION ON outside and inside work——how to mix paints—preparation of sur¬ 
faces—paper and paper-hanging—wood finishes—tools and their proper use—synthetic paints, where and 
how to use them—the care of brushes and bristles—color, with color chart—spray painting and equipment 
—scaffolds — rigging — costs — estimating — better painting methods and a dictionary of trade terms. 
ANSWERS YOUR QUESTIONS 450 Pages—35 Chapters, Fully Illustrated. A Guide to Easier. Better 
Painting. MONEY BACK IF NOT O.K. 

□ AUDELS GARDENERS S GROWERS GUIDES 

EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES. 

Here is your opportunity to get a vast amount of expert plans—helps—hints—Suggestions—secrets—* 
short cuts—discoveries for better results. 

4 practical help reference volumes—1700 pages—rich, flexible covers—hundreds of ilfustrations, 
yo. 1—Working, fertilizing, irrigating, draining the soil—284 pages, fully Illustrated. 

Vol. 2—Good vegetables and market gardening—443 pages, fully Illustrated. 

Vol. 3—Fine fruit culture, cash crops—492 pages, fully illustrated. 

Vol. 4—Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated. 
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR RLEASUREOR PROFIT. 
COMPLETE SET OF 4, $6. SOLD SEPARATELY, $1,50 EACH, 


□ AUDELS QIESTIONS & ANSWERS FDR 

ERGINEERS AHD FIREMANS EXAMINATIDNS . SI 

An aid for Stationary, Marine, Diesel & Hoisting Engineers* Examinations for all grades of Licenses. A new 
detail the Principles, Facts & Figures of Practiced Engineering. Over 500 Pimea 
« 435 Illustrations of Questions & Answers, fully indexed for ready reference. Pocket size. 














□ AUOELS TELEVISION SERVICE MANUAL . .. S2 

Gives practical information on Installing, Trouble-Shooting & Repairing. This greatly needed fact-finding 
manual is easy to understand, 384 pages, more than 225 illustrations & diagrams covering operating 
principles of modern television receivers. 

Covers T.V. information at your finger ends. Shows good receiver adjustment and How to get Sharp, 
Clear Pictures. How to Install Aerials—Avoid Blurs, Smears and How to test. Explains color systems 
and methods of conversion. 1001 FACTS—18 CHAPTERS. 


□ AUDELS ELECTRIC MOTOR CUIDE.$4 

Covers the construction, hook-ups, control, maintenance and trouble shooting of ail types of motors In¬ 
cluding armature winding. Explains entire subject in every detail. A Handy Guide for Electricians and al' 
Electrical Workers. 

Over 1000 Pages of Information—31 Instructive, Interesting Chapters—617 Diagrams, hook-ups and draw¬ 
ings. All types of motors fully illustrated and indexed for ready reference. 


□ AUDELS QUESTIONS & ANSWERS FOR 

ELECTRICIANS EXAMINATIONS.$1 

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge. 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm’s Law with 
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed and 
Illustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 


□ AUDELS WIRIND DIAGRAMS FOR 

LIGHT & POWER.SI 

Electricians, wiremen. linemen, plant superintendents, construction engineers, electrical contractors 
and students will find these diagrams a valuable source of practical help. 

This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly in 
simple language how to wire apparatus for practically all fields of electricity. Each diagram Is complete 
and self-explaining—210 pages, Illustrated. A ERACTICAL, HANBY BOOK OF HOOK-UES* 

□ AUDEU HANDY BOOK OF PRACTICAL 

UECTRICITY. . 

FOR MAINTENANCE ENGINEERS, ELECTRICIANS ANQ ALL ELECTRICAL WORKERS;. 

1340 pages, 2600 illustrations. 

A quick, simplified, ready reference book, giving complete instruction and practical Information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—armature 
winding and repair—wiring diagrams—house lighting—power wiring—cable splicing—meters—bat¬ 
teries—transformers—elevators—electric cranes—railways—bells—sign flashers—^telephone—ignition- 
radio principles—refrigeration—air conditioning—oil burners—air compressors—welding, and many 
modern applications explained so you can understand. 

THE KEY TO A PRACTICAL UNPERSTANDING OF ELECTRICITY^ 

□ AUDEU aEOTROHrC DEVICES.... .$2 

TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. 

Covering photo-electric cells and their applications. Includes easily understood explanations of |th» 
workings of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequen¬ 
cies, photo tubes, grid basis, voltage, photo-electric tubes, photocells vacuum tubess the oscillator, 
electron lubes, electrons versus atoms. Ohm’s Ls^. wlrina diagrams. 

A ERACHCAL BOOK ON ELECTRONICS. * 











a AUDEU EUCTRICAL POWER CALCULATIONS. $2 

175 TYPICAL PROBLEMS FULLY WORKED OUT. 

Gives and explains the mathematical formulae and the fundamental electrical laws for all the evervdav 

practical problems in electricity—Ohm’s and Kirchhoff’s laws for Direct Current_the oeneration^ 

application of alternating current—problems in series and parallel circuits—transformers_transmissior 

machinery. Valuable notes on Radio Circuit Calculation. 

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Caoacities etc oth»r Cwmhnic 
Formulae. 420 pages, fully diagrammed. Two parts (A C—D C ) ° ^ * Symboit, 

EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN “MATHEMATICAL TOOL.’® 

□ AUDELS NEW ELECTRIC DICTIONARY.... .$2 

FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 

wofd in convenient, alphabetical order so you can Instantly locate any 

word, phrase or term. To be an expert in any line, you must “talk the language.” Audels New Electric 
wldentwo Tou^ understand and explain electrical problems so your hearer will thoroughly 

terms and phrases in plain and unmistakable language, compiled with tht: 
ame accuracy and thoroughness that has characterized Audel books for 65 vears 

» Dictionary 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT, 

□ AUDELS NEW RADIOMANS GUIDE. . $4 

A KPV Tn TUr DDArXId^AI ItMlM-na. w. .......... __ _ •••»••• -w ml 


FOR RADIO ENGINEERS, SERVICE 


wen! AMATEURS^”*®’^'®*’’ OF RADIO. 

75P pages, 400 Illustrations and diagrams. Size 5 x S'A. 

Features: Radio fundamentals and Ohm’s Uw—physics of sound as related to radio sciwnc.—Pi-rtrir. - 

o'n“Xi'r deTiJns-ZidcaT^^^^^^^ orLiSleTeph'oi;;!!^^^^^^ 

wirrS'dralamsUrrwatr'.S'dii^^^ opn‘on^adioTa«^!^^^^ 

JStHe'nt“eaR,^C^^ P«!"terslfuYderr.li;?s'Lndard"^^^^^ 

□ AUDELS NEW ELECTRIC LIBRARY. $1.50 a voL 

Vo> ’-'’"^''P'K f“les of electricity, magnetism, armature winding, repairs—700 illustrations- 
i—DynamoSj^^DiC. motors, construction, instailation, maintenance, trouble shooting—571 illus. 
*~^'"atiqls^^‘72’page‘s“'"'"‘‘ ““ construction and repairs-6Sl illus- 

*~*'“afioSM®{lr^ ♦«"s'ormers-8.1 

*“*-'^reali2lS«i"?li:?ljatr^^^^^^ '"“'"es. fuses, circNik 

®“"''illuWr\Ti2n;-M8Tges°"’ P»«'c station practice-os^ 

ignition—1078 illustrations—812 pages. 

aTo ,9* telephone, telegraph, television, motion pictures—793 illustrations_ 576 oaaws 

.0—Refri^geraD^rnumuiation, welding, x-ray, modern electrical appliwees, ind"llM« Ml,, 

If!’ mathematics and calculations—700 pages. 

dictionary, 9000 words and terms—550 pages. 
rOMPLETE IN 1 ? VOLUMES—EACH VOLUME SOLD SEPAR<*TELY At * 1 „ 5 ® n-ACKl 
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Check 

NOW! 


You Can 
Look Over 
Any Guide 
In Your 
Own Home 


Start the 
Easy Pay^ 
ments If 
SatisBed 

MAIL 

THIS 

TODAY 


AIL ORDER 


THEO. AUDEL & CO, 

Please mail me for _ _ 

marked (X) below. I agree to mail $1 in 7 


49 W. 23 St, New York 10, N. Y, 

7 days’ free examination the bool) 


i return them. 

□AUTOMOBILE MECHANICS GUIDE, 1800 Paces : 

□ TRUCK & TRACTOR GUIDE, 1295 Pagw . 
□DIESEL ENGINE MANUAL, sfs Pages ^ * * * 

□WELDERS GUIDE, 400 PagM . . ’ * * 

□MACHINISTS & Toolmakers Handy B<Mk. 1600 PasM 
□BLUE PRINT READING, 416 Page? , . 

* Builders Guides (4 Book Set) . 
□MASONS and Builders Guides (A Book Set) . 
□PLUMBERS & Steamfitters Guides (4 Book ^t) 
□HOUSE HEATING GUIDE, 1000 Pagw . . ! 

□OIL BURNER GUIDE, 384 Pages 

---- 




WORKERS Handy Book, 388 Pages 
450 Pages 


Conditioning Guide,1280 Pages 
CALCULATIONS, 700 Pages . . 

□ENGINEERS & FIREMANS EXAMINATIONS, 525 Paces 
□POWER PLANT ENGINEERS GUIDE, ISOOPages . ? 
□PUMPS, HYDRAULICS & Air ComprMsors, 1% Paces 
□MILLWRIGHTS & Mechanics Guide, 1200 i»am . . 

□MECHANICAL DRAWING GUIDE, 160 Pages . 
□MECHANICAL DRAWING & DESIGN, 480 Paces ! 
□MARINE ENGINEERS Handy Book, iko Pam. 
□SHIPFITTERS HANDY BOOK, 250 Pages 
□GARDENERS & GROWERS GUIDES (4 Book S^t)*. 
□AIRCRAFT WORKER, 240 Pages ..... 
□MECHANICAL DICTIONARY, 950 Pages .... 

□ ENGINEERS LIBRARY (3 Book Set). 

□ELECTRIC MOTOR GUID^ 1000 Pages . . . 

□ELECTRIC WIRING DIAGRAMS, 272 Pages . . 

□ELECTRICIANS EXAMINATION^ 250 Pages . . 

□ELECTRICAL POWER CALCULATIONS, 425 Pages 
□PRACTICAL ELECTRICITY Handy Book, 1440 Pages 
□ELECTRIC DICTIONARY, 9000 Terms ... 7 

□ELECTRONIC DEVICES, 216 Pages ..... 

□ TELEVISION SERVICE MANUAL, 346 Pages 


□RADIOMANS GUIDE, 914 Pages 
□ELECTRIC LIBRARY, 7000 Pages (; 


12 Book Set) 
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